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MORE METAL 


In 1956 the Industrial undertakings of the Ministry of Iron and Stcel of the U.S.S.R, achieved a further 
advance In output, As compared with 1955 there was an Increase in pig-fron smelting by 7.8% stcel production 
by 1.8% the output of rolled scctions by 7.17,stecl tubes by 8.5% coke firing by 6.9%,and —_tron-ore extract: 
jon by 8.4%, 


This Increased production was achieved largely on the basis of the higher productivity of existing plants 
The cocflicient of utilization of the blast furnace capacity was linproved by 2,64, reaching 0. — and steel 
tapping per square meter of hearth of the open-hearth furnaces rose by 6% teaching 1.19 m*, The utilization 
of rolling mills and tube plant has been improved, 


Despite the increased production, however, the 1956 plan was not fulfilled by the plants as a whole, 
Under fulfilment of the plan was caused by serlous shortcomings in the utilization of et capacities 
and by delays in bringing new plants into production, 


A large quantity of pig-iron was lost through unsatisfactory preparation and neutralization of the fron-ore 
at the mines and at a numbcr of plants, 


While improved performances were recorded at some blast furnace plants as compared with 1955, namely 
Magnitogorsk, Kuznetsk, Novo-Tagil,"Azovstal? Krivurozh, "Zaporozhstals Petrovsk and others, the performance 
of other plants showed a decline namely Dzerzhinsky, Enakiev, Makeeva, Kramatorsk, Chelyabinsk Mctallurgical, 
Ashinsk, Kosogorsk and Nizhny-Saldinsk, 


In Individual concerns there were long stoppages of the blast furnaces, During eleven months of 1956 
Mast fumace stoppages at the Dzerzhinsky plant amounted to 2,7%, at the Orsko-Khalilovo 1.9% at the 
Chelyabinsk Metallurgical 1.5%, while at the Petrovsk plant stoppages amounted to 0,4% and In the Magnito- 
gorsk combine and at the*Azovstal plant, 0.9% 


In steel smelting production there was considerable short fall through long stoppages on open-hearth 
furnaces for cold and hot repairs, During eleven months in 1956 at the Makcevka plant stoppages amounted to 
14.3%, at the Enakiev plant 13.7%, the Stalin plant 13.2%, at the Serov plant 12.2%, while at the sip, and 
Magnitogorsk combines the open-hearth furnaces were {dle to the extent of 6.7 and 7. 8% 


Poorer performances than in 1955 were recordedfor the open-hearth furnaces at the Dzerzhinsky, Stalin, 
Taganrog, Vyksun, Chelyabinsk Metallurgical, Omuminsk, Kazakh, and Ashinsk plants. Improved open-hearth 
fumace performances were achicved by the Kuznetsk and Magnitogorsk combines, and by the Novo-Tagil, 
Voroshilov,’ Zaporozhstal’and Makeevka plants together with some others, 


Qne of the main causes of unsatisfactory performance in the stcel millsexists in the lengthy {dle periods 
on the rolling mills, During eleven months in 1956 stoppages at the Novo-Tagil plant amounted to 23.1%, on 
the Ashinsk plant 22.3%, Kramatorsk 21.7%, and Voroshilov 18,7% At several steel mills the repair work {s still 
poorly organized the production program {s badly tackled and the urdcrs are not distributed to the best effect, 
which results in excessive stoppages for roll changing, 


In 1957, the second year of the sixthFive-Year Plan the most impostant task for every worker in the iron 
and stee] industry is the maximum utilization of the rescrves available in the undertakings, 


The plan envisages for 1957 an increase In production as compared with 1956 amounting to 2,4 millloa 
tons of pig-iron, 2,4 million tons of steel and 2,1 million tons of rolled sections, 
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Blast4furnace operators must give serious attention to the preparation of the raw matczlal and neutralize 


ation ef the ere in order to provide constant uniformity of the charge. ‘There fs also anurgentaced for a higher 
quality agglomerate, and greater production of fluxing agglomerate with highce basicity, 


“One of the main tasks of the steel Industry Is die conversion of all open -hearth furnaces to the basic 
process, for which purpose it fs necessary at the carliest possible date to complete the construction of new manu - 
facturing capacitics for the output of chrome maynesite brick at the Satka factory, 


Tt is neces: ary to reduce considerably the stoppage times at open-hearth furnaces, to Improve the waa 
uetion program and the repair organization, and te increase the use of oxygen, 


The workers of the rolling mills and tube mills are confronted with the task of achleving an all-around 
improvement in the maintenance of cquipment and in the repair organization, of increasing the rolling rates, of 
better application of the experience of the leading brigades and of individual rollers, A sharp increase in the 
output of rolled section runs fs essential, 


One very important task fs the further reduction in the cost of metal, We must manufacture cheap metal, 
achieve the greatest economy In the utilization of material, fucl and electrical energy, and reduce the delays in 
transport. We must achfeve an all-around improvement in the labor return on each undertaking, 


Substantial tasks confront the steel workers in 1957, Let us turn all our efforts to the honorable fulfilment 
of the assignments of the party and government, 
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BLAST-FURNACE PRODUCTION 


BLAST-FURNACE OPERATION WITH DISTURBED PROGRAM 


L. Ya. Shparber 


(Head of the Blast-Furnace Technological Group of the Magnitogorsk Metallurgical Combine) 


Statistics relating to disturbances in the operation of blast furnaces of the Magnitogorsk metallurgical 
combine over the last five. years show that In the majority of cases (82%) the disturbance was caused by a varie 
ation in the quality of the raw material and coke, To a much smaller degree (18%) the disturbances were assoce 
fated with insufficiently skilled foremen or inadequacy of the electrical and mechanical equipment. 


We will study three types of disturbahces in blast-furnace operation: 1) the result of over-blowing with an 
excess of fine particles in the charge, 2) the result of variation in the charging program and 3) results of 
divergent influcnces of the blast-furnace foremen, _ 


Disturbance in Blast-Furnace Operation as the Result of Over-Blowing with an 


Excess of Particles In the Charge. 


The blast-furnace performance before the disturbance was characterized by the — mean monthly 
indices: 
Coefficient of utilization of available volume 
Coke consumption per 1 t pig-fron,kg 
Blast-furnace dust carried off ner 1 t pig-iron, % 
Ore charge 
lag output per 1 t pig-fron, kg 
Average CO, content in the gas, % 
Blast-furnace gas pressure, atm 
Blasts 
Quantity (measured at the blower malta id m*/min 
Pressure, atm 
Temperature,°C 
Throat temperatuce,°C 
Number of sets and break-outs of the charge 
Furnace stoppages, % 0.32 


The burden and charging system for this period are shown In the dafly log sheet, 


There was an opinion among the foremen that the activity in the center of she furnace should be invensified 
by increasing the blast, and therefore, on one of the shifts 100 m*/min of air was added in stages of 50 m*/min, 
After increasing the blast the gas flow became unstable and on comgns the agglomerate with a high content 
of fine fractions there was a tendency to chimneying, 


The unstable gas flow caused the blast-furnace foremen to maintain a high furnace heat, as indicated 
by the data below relating to the silicoa content in the ae during the five days of furnace operation after 
changing over to increased blasts 


Si content In the F: below 0.8 0.9°°0,9 0.02.0 aver 1,0 
Number of cases, none 2 16 16 


On operating the furnace at a high heat rate the basicity of the slag reached 1,17 providing the following 
sulfur conten> ta the pig-tron: 


$ content tu the pig-fron, F: Below 0,02 0.02-0,03 0,03-0.44 0,040~-0,044 over 0.044 
Number of cases 4 21 3 1 none 


With the high heat rate the huintdity of the blast was raised to 34 g/ m’, In this way, during the five 
days of blast furnace operation the fluctuations in the heat basicity of the slag and humidity ranged: according 


to silicon content from 0,82 to 1,17% according to basicity of the slag from 1.05 to 1,17, and for humidity of 
the blast from 20 to 34 g/m’, 


With normal distribution of the gas flow the basicity of the slag, on average 1,12, could not be excessive; 


under the conditions brought about by chimneying, then, the decision to raise the humidity of the blast for the 
given basicity of the slag was incorrect, 


An analysis was made directly of the disturbed furnace operation, An assessment can be made of performs 
ance over this period of days from the daily log sheet“and Fig, 1 and : 


The data show that the furnace heat was adequate, but unstable, Thus, the s{licon content at the end 


of the day varied from 0.78% to 1.14%. The gas flow was also unstable, and all the signs Indicated a tendency 
to chimneying, 


As fs seen from the charts, chimneying clearly discernible, began at 13 hours, At the same time the 


slag temperature points rose by 40°, the blast furnace gas temperature curves became scattered and there were 
frequent dips of the Indicator rod, 


While during the first half of the second shift thirty-nine charges were fed Into the furnace corresponding 
to 261 t of fired coke, in the sccond half of the shift thirty-three charges were fed (221 t of coke); hence, the 


difference in the rate ofcoxe firing between the first and second halves of the shift was 40 t. Chimneying, led to 
dreak-outs of the cuarge, willch commenced at 14h 30,° 


The nature of the disturbance Indicates that at 16 h a large part of the furnace cross section was not oper 
atiag and the gas, forming a broad channel, passed out of the furnace at a temperature of $40-560°, Comparison 
of the meter readings with the operation of the tuyeres establishes that the channel developed at tuyeres numbers 
6, 7 and 8. Lacomplete charging of the furnace, allowed under these circumstances, continued for five hours 
shirty minutes yuntil the furnace was shut down for changing nozzles numbers 7 and &, which were blocked with 
sizg). The nature of the temperature curve for the gases at the gas outlet (single Ine) shows that with 4n incompe 


letely charged furnace the gases intermingled above the stock line and passed out of the fumace at = approxi 
mately uniform temperate 


A number of measures were adopted for equalizing the gas flow, At 16h 30 the furnace was put on to 8 


reduced pressure, and at 18 h 15 asnortwas made for equalizing the gas flow. At 20h and 20h 30 the blast 


was reduced In stages by 100 m®/min, Further coke was charged Into the furnace only at 19h, All these meas- 


ures, however, were adopted after long delays, 


Hence, disruption in the operation of the blast fumace occurred as the result of: 1) excessive increase 


in the blast with a high content of fines in the charge, and 2) excessive humidity of the blast with basic slags, 
damping the activity of the fumace, 


Disturbance {n the blast-furnace performance could be avoided by taking correct steps for regulating the 
fumace operation. It would be necessary first not to allow excessive increase in the blast with a high content 
in the charge of fine fractions; second, with basic stags, chimneying and a high heat rate to reduce the humidity 
of the blast and, in accordance with the heat, to lower the temperature of the hot blast; third, the foremea 
- taking over the shift at 16 b should at 17h (commencing tapping at 16 h 29) change the gas flow, For this 
purpose under the given conditions (with adequate heat) it would be necessary to reduce the pressure of the blast 
sharply to 0.2 atm by changing over to the snort, to hold at this pressure for approximately five minutes, to 


charge up che furnace with lumpy material and, having topped up, to introduce alg, setting the blast at 150 m’/mia 
less than previously, The basicity of the charges should be dropped to 1,05 for two shifts, 


The-dally log sheets in the original were not reproduciblea~ Publishers note, - 
ee 14h 30=14 hours, 30 minutes, ; 
+ 
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Fig. 1, Recorder charts of blast fumace gas pressure, hot-blast 
pressure and height of burden, 


Disturbed Furnace Performance Connected with a Variation In the Slag Conditions. 


Performance indices are set cut below for a blast furnace together with the CO, content across the radius 
of the throat during the day preceding the disturbance; the pig-iron and slag analyses are set out in the table, 
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Performance Indices of the. Blast Furnaces 


Quantity of ore sinclied, day 4318 
Quantity of coke fired, t /day 3600.2 - 
Liniestone consuned, t/day 33.8 
Blast: 

Temperature 900 

Humidity, g/m? alr 14 

Quantity (measured at the blower intake) m*/min 2700 
Pressure of the blast furnace gas, atm 0.9 
Temperature of the duoat, *c 362 
Ore charge 2.68 


CO, content across the radfus of the throats 
CO, content $e: 14.8 17,2 19.5 19,7 18.7 11.8 
Distance from the periphery, mm: 50 400 850 1400 2200 «= 3900 


Dally Pig-fron and Slag Analyses 


Content 


35.9] 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0, 


Bese 


The o: st all CO, content (sampling point at the dust arrestor) was 15.2% in the first shift and 17.6% 
‘In the third shift. 


It can be scen from these data that the fumace was being Intensely operated and that the heat fn the 
furnace was sufficient to render slag of the given composition liquid (200 kg of limestone was delivered in the 
charge}, Limestone was left out from the first charge in the second shift since the foreman considered that the 
slag had a high basicity. In all, one hundred and ninety-nine charges were fed without lmnestone, This led to 
a reduction of the basicity of the slag (the CaO: SiO, ratio fell to 1.05), which reduced the heat of the furnace, 


According to our concepts the slag in the blast furnace must absorb the heat moving up through the 
furnace to the throat, flow off through the hearth, yielding up {ts heat, and after combining with the coke ash 
run: off from the furnace. With optimum slag conditions the zone of moderate temperatures will be at the 
maximum and the furnace will heat right throngh., If the slag does not carry out this function the moderate 
temperature zones will be confined and the high temperature zones will be displaced toward the stack, In this 


case melting will occur not In thebosh but in the hlast-furnace stack and the quantity of heat delivered to the 
furnace by the slag will be reduced, 


With such a reduced furnace heat in the fisst shift on the 7th June,150 kg of Limestone was included in the 
charge from the twenty-ninth charge, 


Measures for raising the heat were not applied until the beginning of he econ sh, At 8h 30 the humidity 
of the blast was reduced to 13,5 9/m®, at 10 h 15 to 12 g/m’ and at 13h to 8 g/m’ alte 


However, the furnace heat was inadequate and with the addition of the charge with Increased lime content 
it was necessary to raise the pressure of the hot blast (charts Figs, 3 and 4),the descent of the charge was 


| mm | MgO | (C2078 
0.17 0 
-1610 
3 0.1310 42.15 6.60 1.17 
0.1710 
- 0.18 0 42. 6.50 1,22 
0.16] 0 
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Fig, 2, Recorder charts (a) blast-furnace gas temperature (b) periphery gas temperature, and 
(c) alg rate, 


slowed down (time 9h 30 to 10 h 30, Fig, 3) and at 10h 30 the first chimney was formed In the column of 
material, The occurrence of this chimney was recorded by the meters showing an increased alr low; the 
formation of the channel was indicated by a saw-tooth dispersion of the coal-gas temperature points, a temp= 
erature drop in the shaft brick-work at point number 2 and dips in the indicator rods (charts, Figs, 3 and 4) 


After the furnace had been charged up and six charges had been slowly melted through, a second wider 
channel was formed in the column of material; v:e coal-gas temperature rose sharply at the same time from 
370 to 950°, The origin both of the first and second channel was found in the slag zone, as indicated by the 
furnace-gas pressure charts, If the channels had originated in the dry zone then the peaks Indicating the Pressure 
tise would be considerably greater with the formation of such a broad channel, 


The formation of both chimneys could have ‘been avoided if the foreman had simultaneously reduced the 
blast, This measure, however, was adopted too late and the blast was reduced only at 12h 16 by 100 m*/ mia 
and again after 15 minutes by 100 m*/ min, 


At this high blast-furnace temperature St was necessary to take off the high pressure from the fumace 
and to bring in the snort, This could not be done immediately since the slag began to block the tuyeres, and 
therefore, the pressure of the hot blast was reduced gradually, allowing the slag to run Into the hearth, In order 
to raise the heat and to break up the charge, individual skips and dead charges at 78 t coke were fed Into the 
furnace, as the result of which the silicon content in the pig-iron was raised only to oasis The furnace was 
brought back to normal operation only in the first shift of the 8th June, 


43,3 
| 
|? 
| 


Fig. 3, Recorder charts for hot blast pressure and temperature, humidity of the blast, 
blast-furnace gas pressure and helght of burden, 


Disturbed Furnace Operation Associated with Divergent Influences of the Foremea 
Working on the One Furnace 


A blast furnace can operate smoothly only when the three foremen operating the one furnace agree as to 
the manner of operation, Even for an ideal set of conditions any deviation from this elementary rule leads to 
disturbed performance and deterforation In the technical economic indices, 


Mean monthly operating parameters for onc of the blast furnaces are set out belows 


Quantity of blast, m3/mia 
Blast temperature, °C 

Blast Furnace gas pressure, atm 
Humidity of the blast, g/m”, 
Ore charge 

Hot blast pressure, ata, 
System of charging 


106 
0.64 
| 
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the foiemen of the 


temperature of the hot blast (796°), 


Fig. 4, Recorder chans for (a) blast furnace gas temperature (6) 
periphery gas temperature, and (c) alg rate, 


As the result of some displaceinent of the scginents of the throat protection, formation of the slag columa 
in the throat was unstable, The negative influence of this instability, however, could be completely eliminated 
by selecting the appropriate set of conditions and by the controlling action of the foremen, However, all 

same blast furnace were not of the same opinion as to the operating parameters and 
frequently applied opposing measures for regulating the furnace operation, and the gas flow was therefore une 
stable and slag break-outs and sets frequently occurred, 


, During the course of a month the fumace charging system was varied twenty-nine times (three times on 
account ofchanging the screen for sifting the coke fines}, One foreman changed the charging system for the purpose 
ofunloading the periphery, and his follow-on foreman jor the purpose of loading up the periphery. The range of 
variation was from the COOCCx charging syste tc the system of three OOCCx charges andtwo COOCCx charges, 


Neither was there any single concept as to the quantity of the charge; one of the foremen considered 
that the charge should be 15 t (for the ore section) and another Increased the charge to 16,6 t, During this 
period the blast varied from 2,500 to 2,700 m*/ min, 


: ' Frequent changes in the system of operation of the fumace without any real foundation led to disturbances 
in the operation (break -through of the charge and setting), During the disturbances me hearth of the blast 
furnace was blocked, aided also by the high level of humidity of the blast (23-25 g/m’) with relatively low 


A discussion of the work of the foremen of this blast furnace by blast furnace foremen resulted in a single 
technological system being worked out, obligatory for all three for-men, 


Measures were first taken to intensify the activity of the furnace by charging large portions of hearth 
cinder and partially manganese ore, The basicity of the slag wastemporarily reduced, with some increase in 
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physical heating of the pig-iron, After a new drainage had been set up In the hearth and Intense operation of 

Ue centerof the fumace had been obtained, the foremen gradually established a higher melting rate, So that 

the furmace would be taking more blast, the number 2 tuyere was opened, the elbow of number 3 tuyere was 
cleared ont and the charging system COOCx v as temporarily applicd, The blast was Increased to 2700 m*/ iin, 
The temperature of the blast was then ralsed from 796 to 900°, at the same tline raising the basicity of the 

slag. The humidity of the blast was reduced to 17 g/m’, Under these conditions the operation of the furnace was 
improved, and the furnace started to melt 230 t more agglomerate than under the disturbed conditions, 
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CHANGING THE DOUBLE STUFFING BOX PACKING 


A. Storozhik 


(Foreman Fitter At The°"Zaporozhstal’Blast Furnace Plant). 


Frequent cascs of failure of the stuf fing box packing on the rotating charge distefbutor | were encountercd 
when operating with blast-furnace gas at high pressure, 


If the stuffing box leaks It is nccessary to replace {t In order to avoid deterioration of the hopper or the 
rotating distributor, In addition, large gas leaks make It impossible to fill the hopper space with gas before 
lowering the large bell, 


At the Zaporozhstal plant the stuffing box — Is changed without stopping the fumace, The work 
is set out In Fig. 1. 


time, min. 7 


_ operation 


dismantling top main 


bottom main 


two bottom stuffin 
x sities and segment 


st fla Gorter ain busa 


an 


C4 operation at high gas pressure 
G3 operation at low gas pressure 
E39 operation at low pressure and with bell holst discormocted, 


Fig. 1. Work chart ofr changing stuffing boz 


Each of the main bushes of the stuffing box Fig. 2) consists of six segments Joined together with bolts, 
The bottom stuffing box consists of two rows of 50x50 mm gasket with a spacer for lubricating. The top 
_ stuffing box consists of three rows of 32 x 32 mm gasket, 


On the day scheduled for changing the packing, five pleces of gasket of the necessary length, impreg- 
nated with grease, are taken to the top of the stack together with small pointcd rods and crooks (fig. 3) for 
dismantling and assembling the main bush, dolts with well run-in nuts, keys (six sets for each size of nut}, & 


knife for cutting the gesket, an oxy-gasoline set for cutting off bolts with damaged threads and a hammer and . 
chisel, 


4 
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and tw take off all the off pipes 


shiting the work. 


provide better working conditons for the fittcrs, 
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Fig. 2. Design of stuffing-box pack- 
ing. 

1)revolving funnel ; 2 distributor 
body: 9 bottom main bush; 

4)top main bush, 


while operating the large bell, Both mais bushes 
segment must be cleaned out, 


Before changing the packing it b necessary to remove all grease from the main bush of the stuffing bux 


The team of flues, changing the sniffing box (8-10 men) nmst be thoroughly familar with the dismant- 
Mng and asscanbly sequence of the sinffing box, the position of the Joints, and so on, in order to.aweld confusion 


The segments of the top main bushing arc taken out and dismanticd during full operation of the furnace, 
with disconnected distributor, on basic working routine of the equaling valves, In the case of severe detcrior- 
ation of the large bell and pot, the charge fs loaded onto the large bell with the sina ll bell Jeft open Jn order to — 


10 


Fig. 3.Pointed rod and crook for changing 
stuffing-box packing, 


The bolss are first removed (both jointing and 
housing) togetner with the six segments of the top main 
besh, and theo, with reduced gas pressure, open exhaust 
valves and closed filling valves, the six segments of the 
bottom main bush are dismantled, 


During operation of the large bell (and commence — 
ment of Lifting the probes and commencement of closing 
of the small bell) the workers leave the platform arranged 

around =the distributor, urtil blowing and steaming 
through the bash has ceased, after which dismanuing is 
continued. If the atmosphere becomes too toxic the work 
18 carried out in oxygen masks under the observation of 8 
representative of the anti-gas unit, 


The old stuffing box gasket {s usually blown off 


_ after removing all the main bushes during operation of 


the large bell at low gas pressure, If the gasket does 


not blow off, it is necessary to raise the gas pressure to 
0,3-0.4 


‘Lhe bottom main bushes, stuffing box and segments 
are dismantled in a similar way to the upper, for apply- 
ing grease, 


After all the rmin bushes have been removed, the groove on the stuffing box {s blown through with gas 
must be cleaned of old greases all the openings in the greases ~ 
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Assembly of the stuffing box ts started after Mnlshing charging the furnace, After closing the large bell 
and opening the small bell the bell hoist fs disconnected and assembly of the stuffing box fs started, The first 
rlug of the stuffing box gaskct Js fitted and the grease segments are assembled, It is necessary to check carefully 
the fit of the segments, so that the edge of one segment docs not fe over the edge of the next, The second 
gasket ring Is then fitted, The Joints must be spread out,and twisting of the gasket avolded, ‘The gaskct of the 
second stuffing box fs fitted at the same time a» the assembly of tie bottoin row of main bushes fs started, At 
first the main bushes must be sct up against the reduction gear of the distributor drive (since ils Is the most 
tedious operation In assembling), following with the remainder, During this tlme the charge fs built up on the 
large bell, 


Aficr assembly of the lower row of main bushes the bolts are tightened (one strain pin on each segment 
and all fish-plates), Only after tightening the bottom row of main bushes {s permission given for lowering the 
large hell, and charging of the furnace commences with the charge distributor open, 


Fitting of the top gasket tings and assembly of the top main bushings fs carricd out while the furnace fs 
charged at normal pressure Uuough the lowcred small bell, 


Aftcr completing assembly of the stuffing box {t s necessary to connect up the grease fittings, connect 
in the rotating distributor aud to grease the stuffing box continuously for one to two shifts, After dls the pressure 
undet the bell can be ralsed, 
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CHARGING SYSTEM ON A HIGH-CAPACITY BLAST FURNACE 


P. .Balevich 


S. M. Kirov 


The construction of high-capacity blast fmaces with a volume of 2000 m? requires a basic change fn 


the charging system as the result of the appreciable increase {0 the quantity of raw materials charged Inte the 
furnace, 


In ee the peesect article for the puspose of discussion of the system of charging a high-capacity 
blast furnace, with a mumber of proposals which will require confirmation, the Editorfal Board wishes to draw 3 
wide circle of steel workers and metallurgias into the discussion, Both stcel workers and scientific research 
institutes will doubticss being forward a number of valuable proposals almed at developing the most efficient 
charging system for a high-capacity blast farnace, 


With preseat-day coefficients of utilization of effective volume, a blast fumace with a volume of 2000 
on? will produce more than 3600 tons of plg-iroa. The extraction of this amount of pig-tron by a blast furnace 
operating under the conditions, for exampie,of the S, M. Kirow Makcevka plant, requires an Increase In the ore 
component of the charge up ta 7629 tons without metal additions, The systera of charging blast furnaces by 
means of the existing scale car: does nct provide simultareous delivery of thif amount of raw materLtls Into the 
furnace, If the present system of charging fs to be maintained the capacity of the scale cars would have to be 
considezably focreased, - 


Tt should be observed, however, that charging of the blast furnace by means of scale cars has several dis- 
advantages, Each blast furnace caries a scale car maintainence team, comprising fitters, electricians and mece 
- hanes Sor repairing and regulating the weighing mechanisms, In oder to provide normal operation of the scale 
car.» shift mechanic works oa each ile in + addition to the engineer aad his assistant. On account of short- 

- comings in the coastroctica of the valves of the ore bunkers, which do not provide the necessary degree of tight 
ness, teams operate around tie clock in the plants clearing the space under the bunker, 


Whea the biast furnace fs operating with hot agglome.ate the working conditions of the scale car engine 
Cers are adversely affected. As the result of this, systematic clearing of material irom the bunkers {s not,as & 
mule.observed and there is additional accurmulation of charging matecials mder the bunkers, 


The converzioa of bisst fernaces to operating at highez gas pressure ia the throat has considerably reduced 
the carry-over of blast-fumace dust, Of the charging material fed into the blast furnace, principally fine part- 
icles of 0.3mm dize arecarried off with the blast-furnace gas, The presence of these particles in the charge fs 
inevitabje with the existing system of charging, since the raw materials, with the exception of the evke, are not 
screened before charging into the blast furnace, The dest Muxed agglomerate contains up to 6% of fractions of 
a size 0-3 mm, The carry-over of blast-furnace dust pcomotes the early wear of the changing struc ture and the 
accumulation of dirt oa the blast-furnace site, the factory and working area, 


la order to obtain unlaterrupted charging of large capacity blast furnaces with a volume of 2000 m? 
and tw obviate the disadvantages connected with charging by means of scale cars, it !s necessary to —.. vge the 
existing system of chazz'ng for a system employicg a belt conveyor with bunkers ee with : otating fecders, 
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According to this system of charging (sce {usiration) the bunkers for the ore part of the charge arc 
at.¢ed in onc Hine, In this way it by possible without incrcasing the arca under the bunker trestle to increase 
the ~,acity of de bunker to 200 m’, Since the capacity of ry the bunkers must cqual three times the volume - 
of the b: famace ana for a blast furnace voluine of 2000 the bunker capacity must be 6000 m’, the prop- 
used syzier.* envisages.30 reinforced concrete bunkers, arranged in 15 units oa each side of the skip pit, 


‘Shes wamber and arrangement of bunkers provides a 100% reserve blast-fumace charge together with the 
facility ior rnainiaining the conveyor-belt system, 
The charge materials are fed into the recciving bunkers 1, and by means of the rotating feeders, accordin 8 
to the charge calcula*ion, are fed on to the belt conveyor 2, The conveyor belt delivers the charge materials 
to the screcn 3. The fire fractions of 0-3 mm are separated from the charge on the rotating scrcen. The 
screened part of the charge cau be discharged direct to the stockyard from the fines bunkers 4 ™ means of the 
small skip-hoist 6 
The charge materials, ..fter losing the fine fraction of 0-3 mm on the screen 3, are fed into the weighing 
hopper 6 for checking the weigin of the charge, and then fed into the blast furnace by the skip 7 of the main 
hoist. All tic matcrials are delive.-d simultaneously from all the bunkers in accordance with the calculated 
charge. It is thus possible, in additic 1, to neutralize the materials under the bunkers. It is possible by means 
of the rotating feeders to treat 4 delivey of materials from 0,2 to 12 kg. The materials are welghedon auto- | 
matic scales at the treztment tench, 
_ With loading of the charge at 150 kg per 1 m of conveyor belt, in one turn of the skip (60 seconds) the 
speed of the conveyor being 85 m/min (Kirov agglomerate plant) 12 tons of material can be taken in one ore- 
weighing hopper, 2nd 24 tozs ia the «#0, In the zourse of an hour 1440 tons can be taken, which makes it poss- 
ible to drive a bigh-cspacicy blast furnace ty any scoulred degree, 
Fu. matnizining this Uiast-furnace chargt g sy.cem one charge man fs required for — the charge 
from the bunkers and one electrician at the charging tta*'on per shift. 


The movement of the conveyor Is Inte locked with the operation of the sk{ps of the oie holst. 


The conveyor must automatically trip out when the or>-welghing hopper Is filled with the necessary 
quantity of ore, 
Charging of the femece and op-.etion of gre charge distributor can be controlled from one control desk 
at the *charging” station, 

_ The absence of fines in the charge materials makes possible 2 ccasiderable increase n the driving of the 
blast fumace, 
In order to obviate dustiness In the area under the bunker end to prov:de normal conditions of work for 
treatinent of the charge, {t is necessary to set up a spray 02 ¢.ach wexinent bench for wetting the materials as 
Wiey are delivered and to cover the separating screen for iis ore sectio: of the charge with casings and to Install 
3 suction fan, 


The system for delivering the coke remains unsitered, The rotatl.gscreen must be enlarged in such a 
way that 6% kg of coke }s taken frcim the barker to the coke-welghing hopyer in the cu-wse of 60 seconds, 


The power of the n:ain Lolst uiust also be: increased so chat the skip volume for coxe fs 9 m*, 


In this ~ay the employment of the bias:-fumnacs charging systern using a beit conveyor provides, fully 
automatic charging and large power margin, utilization of charge smaierials under the bunkers, greater 
stability of the dell structuie (absence of blast fumace uust), and more intense d:iving of the blast iumace, 
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OPERATING REGIME OF THE BLAST -FURNACE HOPPER SPACE 


Engineer L. A. Lepikhia 


Magmitogorsk Metallurgical Combine 


The operating conditions of blast-furnace bell structures have undergone a rapid change In recent years, 
The ore part of the charge loaded on to the bell has risen appreciably; up to 90% agglomerate goes into the 
charge, being more concentrated than ore, and reacts on the bell structure; the gas pressure has been safsed 
with a consequent Increase In the eroding action on all the components of the bell, The explosion probability 
in the hopper space has risen, 


All this requires not only carefall checking and supervision of the equipment but also the establishment 
of an opesating regime for the bell swecture which will provide normal operation over a long period, 


At the Magnitogorsk Metallurgical Combine blast furnaces the present work program of the charging 
equipment on the hopper provides continuous delivery of 1.3-1.5 tons of steam per hour. Before opening the 
small bell the outlet valve {s opencd, closing at the moment when the small bell is */, open. The pressure fa 
the hopper before opening the exhaust walve and before filling reaches 0,3 atm, 20-40 seconds Intervene between 
closing ‘the exhaust valve and opening the filling valve with a normal charge, During this time 10-20 kg of 
steam Is delivered to the hopper, » 


The operatton of the hopper was Investigated at No, 5 blast furnace with systems of charging OOCCz 
and COOCx, Tubes were lowered to a depth of 1 .m in the hopper for gas sampling and for taking a thermocouple, 
29 gas samples were taken during the Investigation (Table 1), 


The data of Table 1 show that alr accumulates in the hopper during the charging-up period, and the oxygea 
content rises to 13-16% which amounts to 15% when converted to afr. A higher oxygen content Is observed 
during the ore charge. In = the hopper with gas, by reason of rarefaction, = oxygen content drops to 
2-Th, 


Table 2 ons data tet the change in pressure In the hopper of the blast seein with different 
systems of charging, 


After exhausting the gas before hein the small bell the pressure falls to 0 and then rises to 90-100 mm 
H, Owith the Introduction of steam, amd on lowering the small bell falls below 0 by 15-60 mm H,0, After 
closing the exhaust valve the pressure again rises; at this moment dust fs ejected. A smaller vacuum (15 mm#,0) 
fs observed with the coke charge and # greater vacuum-up to 60 mm H,0 with the ore charge. On charging the 
agglomerate an average vacuum fs obtained, The greater vacuum on charging with washed ore Is explained by 
the fact that the washed ore produces a sharp drop in temperature in the hopper. The temperature in the hoppes 
space, according to the thermocouple seadings, is 200° C with a small drop to 180-190° with the ore charge, and 
also during the charging period. The small temperature change is explained ~ the thermal Inertia of the therm- 
couple, 
Hence, alr enters the hopper space both as a result of the vacuum and through the layer of material, 
Analyses indicate that an explosive mixture is possible, The steam neutralizes the mixture, 
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TABLE 
Gas Composition tn the Hopper (Dry gas analysis, %) 


After exhausting pas After 1 in 
before lowering pots bell bell. owerlng small 


Cig 


Before 


9 


After fill 


3.7 0.7 

of 0.4 4. 

9.7 13. 
0.7 0.3 12, 

cr fil ing with gas 

2) 0.442. 


System CCOCx with hot agglomerate 
8.8 113.5] 0.8 1.1 110.4 Before 
8.8} 9.1 | 0.6 15.0 17.9 


7.9} 0.1 0.4 16,2 fits wi 


As was shown above, a gas mixture may occur (particularly with agglomerate) having a high CO content 
(up to 40%). The cause of the high CO content Is not clear, In these cascs the explosive range of the mixture 
is extended. A reduced Ignition temperature {s promoted by the presence of dust, 


If an explosive mixture Is formed while building up the charge, on lowering the agglomerate it may 
Ignite and simple combustion then occurs, 


If there {s excess alr In the hopper after the charge has been built up, then an explosion may occur om 
opening the filling valve. The source of {gnition(the hot agglomerate) {s at the bottom, 


For the purpose of reducing the steam consumption the following measures can be recommended. 


1, Restrict the supply of steam to the hopper,during charging up, to 0,5 t/he increasing it before opening 
the filling valve to 1.5t/hr. In addition, cut off the steam after closing the filling valve, Before opening the 
filling valve the hopper may be purged with steam through the open exhaust valve, 


2, While building up the charge,the exhaust valve may be left open and no steam be supplied to the 
hopper. Before opening the filling valve the steam valve {s opencd, After closing the exhaust valve the filling 


valve is opened and gas fs delivered to the hopper together with steam (this provided favorable results on two 
blast furnaces), 


3. Before ang the os valve,open the exhaust valve to draw off the alr by reason of the temp- 
erature difference, 


4. Before operating the large bell,purge the hopper with gas with open exhaust and filling valves, 


Syste OOCCx with hot agglomerate, 
14.8 [27.21 0.31 1.0) 1.2 with gas 
15.5 | 26.6) 6.2 11.3} 1.0)10 -6 [4.0 
4 18.8 25.6 0.2 1.4 6.7 10 0.6 6.3 
11.0 23.2 0.2 1,0 6.0 7 th 4.0 5.4 

ing with gas. 
10,5, — Po = {7.3 
System OOCCx with washed ore ‘ 

11.3 23 

5.3 

§.7 3.0 
5.6 6.3 
2 


FAL the hopper with nitrogen from the oxygen plant. 
6, Purge the hopper with smoke from the afr heaters, first filling with gas, 


TABLE 2 
- Hopper Pressure, mm 11,0, 


Altct }Beforo | After | During Vacuum 


exhaust}lowering] towering fillin after 
ing the }the smalfthe small] lowering, 
gas bell bet bell 


System with hot aggtoniérate 


3260 100-0" 
3200 100-0 |. 
3130 0 —2 
6800—7500 
System OOCCx with washed ore 
0 
2310 | 0 —30 
1770 0 
1400 0 6800—7350 | —20 


System COOCx with hot agglomerate 


30 ation 
3a 0 ca00—7500 


| 
| 
. 
4 
- . 


} 
i 
~ 
- 


STEEL SMELTING 


IMPROVED MANUFACTURING TECHNOLOGY FOR FREE-CUTTING STEEL 


I. I. Fomin, A. D. Zaitseva and P. P. Konshin, 


(Hammer and Sickle Plant) 


Grade A12 free-cutting stecl has been smelted for several years in the Hammer and Sickle plant in 75 
ton open-hearth furnaces, The stecl Is pourcd on to 12-position bottom plates into §00 kg ingots, The chemical 
composition of the stccl, In accordance with the standard specification GOST°V 1414-54 fs the following, in % 


c Ma si 
0,08-0,16- 0,60-0,90 0,15-0.35 0,08-0,20 0,08-0.18 


- The high sulfur content in the finished metal, for the purpose of improving the workability of the steel 
on the cutting machines, adversciy affects the plastic properties of the metal, particularly at high temperature, 
giving tise to what is called "red britdeness"3 transverse cracks may occur on the Ingots curing crystallization 
in rolling, the ingots are not held by the rolls well, slip occurs and hollcws and seams appear, 


The existing stcel-smelting technology employs a phosphorus ferro-manganese alloy charged into the 
furnace with approximately 0,09-0,12% C content in the bath, Calculation of the quantity of phosphorus ferro= 
manganese {s carried out according to the phosphorus, Deficiency in Mn is made up In the form of manganese- 
silicon, Both the alloys are fed into the fumace simultancously for greater uniformity of distribution and lower 
losses, 


During 1954-1955, for the purpose of improving the quallty of the cutting stcel,a large-scale Investigatioa 
was carried out on a number of alloys as a result of which a new technology was developed for smelting and 
tceming the grade A12 stecl, It was established on the first series of experimental alloys that in order to Improve 
the quality of grade A12 steel ft {s necessary: 


1) to matntainstictly the optimum filling speed of all the moulds In pourings 


2) to introduce the sulfur into the ladle in a metal case in order to actteve a more regular dtsufbutton 
and to reduce the loss ; 


3) to maintain the Mn:S razio in the metal not less than 7.5 in order to improve the rolling conditions 
4) to drive smelting of the metal and attain the greatest reduction of the metal, 


Ii the second series of experimental smelts an investigation was made of the influence of supplementary 
preliminary reduction of the metal with blast-furnace ferrosilicon to the amount of 7 kg/t of steel, The ingots 
of these smelts, poured with optimum filling speed of the moulds up to the shrinkage head (over 3 minutes) did 
not display any cracks or fractures in rolling. The table shows that two factors are decisive for suitable manus 
facture ;the degree of reduction of the bath before pouring the metal and filling rate of the moulds with the 
metal, With a dead bath and filling time of the moulds less than 3 minutes,cases of fracture of the slabs fn roll- 
ing amounted to 22,6-31%, Under the same conditions,but with filling time of the moulds greater than 3 minutes, 
the cases of fracture were reduced to 1,9-0,23% 


* GOST =All-Union State Standard — Publishers notes 
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Test Rosults 


Reduction of 


the nctal. 


State of 
the bath 
he fore 


pouring. 


Pilling tine of the ineaid to tha 


shrinkage head, minutes 


Less than 3 Over 3 
No.of No.of Ingots No of No, of Ingots 
ingots with fractures ingots with fractures 
rolled rolled 


No, 
Without Dead 443 100 22.6 160 3 1.9 
preliminary 
reduction, Bubbling 231 164 71.0 107 49 45.8 
With pre- 
Hminary Dead 305 95 31,1 851 2 0,23 
rediiction by 
blast furnace 


ferrosilicon 


Bubbling of the bath has a particularly adverse effect on the quality of the metal; with rapid pouring of 
the metal {nto the moulds fracturing of the ingots amounted to 71%. Even with slow pouring (over 3 minutes) 
bubbling of the meial In the furnace yiclded 45.8% cases of fracture during rolling, 


Good results were obtained with preliminary reduction of the metal with blast furnace ferrosilicon and 
wits slow pouring of the metal (filling rate of the moulds over 3 minutes), In this case fracturing of the ingots 
during rolling was practically absent (out of 851 rolled ingots fractures were observed only on two), 


The results of the work Indicated the possibility of completely obviating slipping and considerably ree 
ducing defects through cracks on the ingots and pockets on the end faccs of the slab during rolling, 


The matin points in the new technical code for smelting and pouring grade A12 stecl can be reduced to 


the following, 


1) Grade A12 steel to be poured at a filling rate of the moulds up to the shrinkage head not less than 3 


minutes, not allowing turning during this time, 


2) Rimming to proceed actively with the greatest possible reduction of the metal, For this purpose the 
bath should be previously reduced with blast-furnace ferrosilicon and 7-10 kg/t of metal charge introduced,de- 


pending on the quantity of manganese-silicon introduced. 


3) Not to allow melts with low carbon content for grade A12 steel smelts 


4) To maintain the Mn:$ ratio not less than 7.86 


5) To serve the sulfur into the ladte fn a special metal case, 
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THE USE OF MAGNESIUM IN CONVERTER STEEL MANUFACTURE 


K. S. Prosvirin, V. I. Baptizmanzky 
(Dnepropetrovsk Metallurgical Institute) 


and 


M. P. Kuznetsov, V. D. Umnov 
(Dzerzhinsky Plant) 


For the purpose of improving the plastic characteristics of Bessemer rails experiments were carried out 
for weating the steel with magnesium in the Dzerzhinsky Bessemer plant. 


The introduction of metallic magnesiuin {ito the liquid steel Is accompanied by a considerable luminous 
effect and the evolution of a large quantity of white smoke. After a number of preliminary experiments.the 
magnesium was introduced into the molten steel in the form of silico-magnesium alloy. Employing this method, 
the intense luminous effect and evolution of large quantities of white smoke were not observed, 


In the treatnient of the rail steel with magnesium, the 45% ferrosilicon introduced into the ladla during. 
reduction was completely or partially substituted by a corresponding quantity of silico-magnesium alloy (64% 
Si, 11.8% Mg) In order to provide the required silicon content Ia the finished steel, 


In five of the ten experimental smelts the ferrosilicon was completely substituted by silico- magnesium 
and {a the remaining smelts only partially, The quantity of reducing agents added {s given in table 1, 


TABLE 1 


Quantity of Additions to the Smelt, kg. 
(Weight of smelt 22.5 2 


Number of Ferro- Ferro Silico- Aluminum 
smelts Manganese silicon magnesium 


5 210 53 20 3.3 
5 _ 210 3.3 


Ferro-manganese was Introduced into the converter in the molten form after finishing blowing, the re- 
maining reducers being added to the flow during pouring of the metal into the teeming ladle, 


The technology of blowing, teeming the steel and rolling the ingots in the experimental smelts was the 
"same as for ordinary smelts, In this way the experimental smelts differed from the ordinary process only by the 
fact that the ferto-silicon was completely or partially substituted by silico- magnesium, 


Tables 2 and 3 show the brief characteristics and the results of check tests together with i a 
investigations of the quality of the rails from the ee smelt, : 
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TABLE 2 


/ 
Brief characteristics of experimental smelts, 


TABLE 3 
Mean data of the mechanical tests, 


Chemical composition Standard scale 
of stecl¢ grain size 
Cc Mn] st Actual, 

With the Jo. sho 74 0.015) 4 | 4-3 
addition 4—3 | 
of 20 kg |0.51!0. 820. | 3-2 
3 | 3-3 
nesium |0,52/0.71 0.1910.038 0,060 0.01 4—3 | 4-3. 
With the 6 |3-2 
addition 3 | 3-2 
of 60kg 4—3 | 3-2 
tiliconug 40, 4—3 | 3-2 
neslum — |0,67/0,69)9- TT 4—3 | 


Quantity 


of ier 
added. kg 


kg/mm? 
Relative elong- 


Ultimate strength 


Relative come 

oreecfon % 
Brinnel harde 
ness 


scale 


Standard 


grain size 


eryttallization, 


nesium 0.0427. 


27.6 


The data set out in Table 3 and Fig. 1 show that the test rafls have good mechanical characteristics and 
completely meet the specified requirements, In respect to resilience, the rails of the experimental smelts approach 
the rails rolled from open-hearth steel, The influence of magnesium additions on the grain size {s associated 
probably with the variation in the surface tension of the metal and supplementary formation of wen of 


The magnesium also has a certain influence on the quantity and nature of the nomnetallic inclusions, 
The nosmetallic Inclusions in the metal treated with silico-magnesium are finer and in smaller quantity thaa 
in steel from normal smelts, Samples of metal from five of the experimental smelt and from six smelts not eme 
ploying magnesium were investigated by the electrolytic method for metallic inclusions, The mean content of 
nonmeiallic inclusions in the steel from the experimental smeits was 0.0263% and {n the smeia ‘Hot using mage 


. 


4 
i. 
§2 212 
20 43.5 | 81.0] 12.3| mmm] 246 | 6-3 | 4—2 
44.6 | 84.0] 12.3] 250 | 6-3 | 4—2 
cmeits | 46.3 | 85.5] 10,6] 21.0] 2601-0] 
Normal 
production 45.0 | 83,5] 10.5! 19.5! 248 | | 2—8 
elts 


tem rature f the 
durin ofthe 


Relationship of resilience to temp 
erature of the specimen at the time 
of the test and the amount of adde 
itions of silico-magnesium alloys 
1) Check smelts; 2) Smelt with 
20 kg silico-magnesium addition ; 
3) Smelts with 60 kg silico-mage 
nesium addition 


It should be added that on Introducing magnesium Into the steel, some reduction of the sulfur content fs 
observed, For example, the mean sulfur content in the metal of the experimental smeits differed by 0,002 
0.9067 as compared with the mean sulfur content In the finished metal, 


Hence, the experimental smelts show that with Introduction of magnesium {nto the molten metal the 
grain is reduced, there Is a reduction in the quantity of nonmetallic inclusions and in the sulfur content, and 
there {s an improvement In the plastic characteristics of the ralls, 
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IMPROVING THE DURABILITY OF FURNACES 


Ya. G. Privezentseyv 
(Qio. 1 Open-hearth furnace Manager) 


Ya. tgnatenko 
(Brick-work foreman on the Illich Zhdanov plant) 


The thermal capacity and operation of an open-hearth furnace depend substantially on the efficiency 
of the regencrators, Inadequate stability of the Dinas checker of the regencrators Is the main obstacle fn {ne 
creasing the smelting rate, 


Gases at a temperature of 1600-1650 carry off dust consisting of fron oxides from tie work area ; these oxides 
are deposited on the surface of the acid brick of the checker and form a compound with a fusfon temperature of 
1150’, The brick rapidly disintegrates and melts, becomes thinner and weaker, while the checker loses Its 
structural strength and the upper rows collapse, The channels of the lower rows become crusted over, 


The baste fron dust of the stack gas destroys the acid Dinas brick, but does not react with materials having 
basic or neutral chemical characteristics. One of the most important requirements for the brick of regenerator 
checker {fs a high slag stability. For this season our factory began to employ slay-resisting magnesite chrome 
trick for the upper rows of the checver, starting in 1952, At first,use was made of magnesite chrome brick 
available at the factory and manufactured at the Panteleimonov plant with the following composition 27.0% 
Cr, 48.0%MgO, The top four rows were laid from this type of brick, continuing with Dinas checkcr in the 
lower rows, 


After two runs on the furnace top (460-500 smelts) the verticle surfaces of the brick checker (top two rows) 
were covered with a layer of crystals to a thickness of 8-10 mm and the linear dimeastions of the channels were 
cduced by approxima tely 10% The tiird and fourth rows of magnesite chrome brick were in a better condition 
and displayed a negsigible layer of crystals, The lower rows of Dinas brick, after the second run of checker 
operation, were fused to such a degree chat {t was necessary torenew them completely, 


Later on, for the purpose of increasing the stability of the regenerator chambers and reducing furnace . 
stoppages for cold repairs, the Dinas brick in the checker was replaced by Chasov Yarrefractory brick and more 
recently with refractory brick of cur own manufacture having the following composition: 35%A}03, 62.0% 
S10, ,2,0%F eO;,and 0.5% CaO. The Life of the checker built from chrome magnesite and the refractory brick 
amounted to 626 smelts during 1955, 


At the present time at the cold overhaul period the checker {s cleaned with a ramrod and blasted with 
compressed air (3-4 atm), This improves the operation of the regenerator, After two runs the top three rows 
of magnesite chrome checker are renewed while the refractory brick is left for further operation, 


Furnace stoppages for hot repairs to the front rows amounted to 100 furnace hours per month, Usually 
aftcr 120-150 smelts the furnace was stopped for hot repairs to the roofs and columns of the front rows, The 
cost of each such hot overhaul amounted to as much as 18-20 thousand rubles, the furnace program of the plant 
was interrupted, the fuel consumptica was increased, and so on, 
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In onder to obviste furnace stoppages for hot repalrs to the front rows, the toois and columns were built 
trom ordlaary magnesite chrome brick with metal cladding, ‘The strength of these clements was ralsed to the 
strenyth of the fumace roof, The cconomle effect of this amounted to more than 400 thousand mbics, 


On increasing the durability of the front rows the necessity occurred for increasing the durability of the 
working space roofs, The furnace had frequently to be put on to cold overhaul on account of tho tendency to 
wear at the back wall and the base brick along the front and rcar walls after only 220-230 smelts, 


For building the rcar wall (above the clinker zonc) use was made of magnesite chrome brick with metal 
cladding, while instead of the Dinas base brick for the straight roof along the front and sear walls,abutments were 


set up out of dressed magnesite chrome brick, As a result of this the durability of the roofs was increased ta 
270-313 sincits, 


These measurcs promoted an appreciable increase In steel smelting, a saving In fuel and refractories,and 
a reduction in the cost of the metal, 
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THE CHOICE OF REFRACTORIES FOR REGENERATOR CHECKERS 


EngincerS, L. Gribov and A. M. Banschikoyv 
(Kirov Machine Construction and Metallurgical Plant) 


When basic materials areused for the roof, the length of the run and the prodyctivity of open-hearth furnaces 
at several plants are governcd not by the stability of the main arch, butby the stability of the regenerator checker, 
The Dinas brick cominonly employed for building the top rows of the checker quickly melts at the high temp- 
cratures at the top of the checker, giving rise to interruption in the furnace performance and early stoppage for 


For normal operation of the Dinas checker the maximum temperature of the top of the checker should 
not excecd | 125, which cannot be maintained with intense driving cf the furnace with a magnesite chrome roof, 


The open-hearth farmaces of the Kizov works are fired with ofl and operate on the scrap process, The 
volume of the checker fs 104 m® each way. The checker {s laid zig-zag, with cell dimensions 150x 120 mm, 
The ratio of the checkerto the area of the hearth is 3.48 m?/m?, and to the weight of the melt 1.4m'/t, The 
maximum thermal loading is 16 millfon cal/hon., 


The furnaces are fitted with Moshkarev atomizerswith alratomization at an atomizer pressure of 4,5-5 
atm, Sccondary alr fs delivered from a blowe.. The automatic regulators of the thermal regime are set accord» 
ing to the individual parameters, The valves are operated in accordance with the temperature of the checker 
top. 


For a long time the regenerator checker was Sull¢ up according to the usual system: 2/3 of the height 
from the bottom of ordinary refractory and the top third of Dinas brick. The normal durability of this type of 
checker corresponded to two ms of the Dinas roof-500-550 smelts. After 220-270 smelts, simultaneously with 
the oveshaul of the main roof,the checker was partially overhauled, A typical feature of this was the fusing of © 
Uie 4-6 top rows of Dinas brick in the middie section of the checker, nearer to the stone wall, The fused posl> 
tions were dismantled, and after cleaning, the remaining sections of the cells were replaced by fresh Dinas bricks 
the volume uf the replaced section scmetimes comprised 20% of the total volume of the checker. 


Work was carried out on an open-nearth furnace for the purposs of selecting resistant refractories for the 


regencrator checker on the main open-hearth senna "Four variants of construction were tried for the top rows 
of the checker, 


Variant 1, Checker made up of standard class B fireclay brick ( 230% 115% 65 mm), with cell dimeas 


sions 120x 120 mm had a life of 296 smelts, The } eaeeonn at the top of the checker did not exceed 1367 
during the tests, 


Fusing of the top rows was less than with Dinas checker. The main cause for repairs to the checker was 
the formation of slag incrustations in the middle sows of the checker, as a result of waich the furnace draft fell 
off sharply, The incrustations had a high mechant ~xigth and could not be removed by ordinary cleaning 
methods, 


Variant 2, The fifteen top rows of the checker were built from checker brick (300x 150x 75 mm) with 
a cell dimension 150x 120 mm. The Al,03 content in the checker brick was in the range 40-42%, The mean 
temperature at the top of the checker was 1350-1380" (maximum 1450°), The life of the checker was 290 smelts, 
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Before overhaul, the sucngth of the Ining and the pressure in dhe working space Increased sharply and the thermal 
petfornance of the fumace off noticeably, 


During overhaul intense fusing was observed on the clght top rows of brick together with congcaling of 
the slag formed in the lower part of the Hning, Lncrustation was so Intense as to form a solid block of slag and 
brick in the lower structure of the Uning in places, and blasting had to be employed to remove it, 


The thermal loadings and temperature regime of the checkers were therefore reduced, setting a max- 
imum temperature of 1350° at the top of the checker, Under these conditions the life of the checker was 
increased to 600 and more smelts, while on overhauling, a considerable part of the brick of the bottom half of 
the checker could be agtin cinploycd In the construction after cleaning, 


Fig. 1. Appearance of the top row of chrome Fig. 2. Nature of the deposit on the first 
magnesite brick of the checker after 276 row of the checker after 499 smelts (top 


smelt, six rows chrome magnesite brick), 
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Fig. 3. Appearance of the dismantled section of the checker 
from the first of the six rows (chrome magnesite brick) aftes i 
490 smelt, 
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VYarlant 3, For the purpose of preserving the Dinas brick from the chemical action of the foundry dust 
in the high temperature zone in the top rows of the checker, siag-tesisting chrome magnesite brick was cme 
ployed. In the usual checker, built up to two-thirds from standard flreclay. and one third from Dinas brick 
with cell dimensions 130X130 mm, the four top rows were constructed of standard chrome magnesite brick 
with dimensions 230x 115xX65 mm, The mean temperature at the top of the checker was 1350-1360", 


After the 272nd smelt the draft in the furnace deteriorated appreciably, At the 279th smelt the furnace 
was stopped for overhaul, 


On account of the intense fusion and conscquent mechanical disintegration of the three top rows of Dinay 
located immediatcly under tie chrome magnesite, the checker was dismantled, The rows of Dinas undemeath 
were also fused to a considerable extent. The fireclay brick maintained its dimensions and was in satisfactory 
condition, Tlie chrome magnesite brick in the first row from the top was uniformly coated with a slag crust to 
a thickness of 10-15 mm, forming a solid skin which was difficult to separate from the brick, The chrome 
magnesite brick of the second row maintained its initial dimensfons and mechanical strength, The surface of this 
brick was coated with a slightly sintering thin layer of dust which could be readily separated from the brick, 


A similar type of checker was tested on a second furnace, but with a mean top temperature of 1300, 
The life of this checker was increased up to 598 smelts, The nature of disintegration of the brick was the same 


as in the first case, 
The checker tests showed that the employment of chrome magnesite brick in the 4-6 top rows arranged 


above the Dinas does not provide sufficient stability of the checker with Intense driving of the thermal regime 
of tie furnace; the main cause of the checker failing was disintegration of the Dinas brick, 


Variant 4, The Dinas brick was replaced by a flreclay brick checker more resistant to slag, having a 40- 
427 Al,O, content. The top six rows were made up of ordinary chrome magnesite brick, the next elght rows from 
fireclay checker brick, and the remainder,down to the bottomof paca fireclay brick, The cell dimensions 


were 150X120 mm, 


The furnace was operated with a Dinas arch on the working area with thermal loadings up to 18 million 
calfir, The mean checker top temperature was 1300° and the maximum 1350-1400, 


The checker was examined for the first time after 276 smelts (fig. 1). On this occasioa there was no 
evidence of caving, shifting of the rows, of fusing of the brick, The horizontal surface of the top row was coated 
with sl2g having a crystal suucture to a thickness of 10-35 mm, which was separated from the brick without 
particular difficulty. The vertical surfaces of the brick carricd a slight deposit of dust and slag. After removing 
the outer slag crust and blowing the checker with air the cells were the ee size, The checker was retuned 


service, 


The checker was examined for the second time after 450 smelts, The slag layer on the horizontal surface 
and the slag and dust deposit on the lowei rows of chrome magnesite brick were greater than at the first inspect 
fon (fig, 2). On removing the slag crust, partial disintegration of the first-row brick was observed, with spalling 
and degeneration of the structure, The chrome magnesite brick of the lower rows was in a satisfactory condition, 
Fig. 3 shows a dismantled section of the checker of the six rows, It is seen from fig. 2, and 3 that the main mas 
alag is formed on the first row of chrome magnesite brick and in the remaining rows the cells are fairly clean, 
The fireclay checker brick set up under the chrome magnesite was in good condition and completely maintained 
its dimensions and mechanical properties, The brick surface was coated with a thin layer of porous fron slag, 


It should be noted that slag formation and wear of the checker at the points of more intense gas flow 
were less chan in the colder parts of the checker, 


| Comparison of the results of checker tests on two similar type furnaces, the one having a zegeneradive 
checker made up of checker fireclay brick in the top section, and the other with a checker the top six rows of 
which were made up of chrome magnesite brick, indicates that with similar thermal loadings and siniflar 
initial temperature of the checker top, the main secondary air heating temperature in the checker with chrome 
magnesite protection was lower by 80°, This temperature reduction can be explained by the porous slag crust 
formation, reducing the coefficient of thermal conductivity of the brick in the top rows of the checker, 
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The reduction In the coefficlent of ticemal conductivity reduces the storage capacity of the brick by 
tacreasing the passive layer not participating in the hicat transfer, Hence, chrome magnesite brick can be em- 
ployed ia regencrater cicckers only in the smallest quantities, for protecting the basic active part of the checker 
of fireclay brick from the temperature and cheinical action uf the gascous medium, 


The following coaclusionscan be drawn on the basis of the tests: 


1, In building Dinas brick into the top ei=cker rows the thermal loadings of the furnace and driving of 
the smelt are restricted, since the maximum temperature at the top of the checker must not exceed 1280"; 
a Dinas brick checker cannot be employed when operating with basic roofs, Top protection of Dinas checkers 
with chrome magnesite brick is ineffective; the Dinas brick under the protective chrome magnesite rows fs dis- 
integrated, 


2, Fireclay checker brick with a 40-42% alumina content displayed eked stability with checker 
top temperature not exceeding 1350°, 


3. Protection of the top of the fireclay checkers with chrome magnesite brick appreciably increases the 
stability of the checker. The employment of chrome magnesite brick only in quantities necessary for the pros 
tection of the lower fireclay brick can be recommended with basic roofs of the active area and maximum checke 
er top temperature of 1450, The top two to three rows of chrome magnesite brick were replaced by new brick 
and the cells were cleancd out.with a ramrod and blown with compressed alr, 


_  OnInspectionof the checker after 699smelts the top row was againcleaned, the external appearance in- 
dicating that it was in the same condition as at the tirst inspection, and the checker was retumed to service, 
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" KRIVOI ROG SOUTHERN ORE CONCENTRATION PLANT 


On the right bank of the river Ingulets Iles the enormous site where day and night without cease there is 
heard the roar of crills and excavators, and the winning of fron ore gocs on, Away on the hill are the enormous 
factory blocks and multi-storey housing quarters, This fs the Krivol Rog Southern Ore Concentration Plant, 


Until recently, only rich ore not requiting concentration came from the Krivoi Rog fron ore-fleld, When 
low grade ore was encountered ,it was dumped for lack of a concentration plant, The concentration of low- 
grade ores alongside the treatment of rich ores forblast-furnace smelting is one of the major problems of the 
Sixth Five Year Plan, 


Commencing construction in May 1953, the first stage of the Krivol Rog Souther Ore Concentration 
Plant was commissioned in the second half of 1955, providing for the exploitation in the Krivol basin of ion ores 
with a 35-37% iron content. There aré very large reserves of this type.of ore in the basin, several times exceed- 
ing the reserves of rich ore, 


Yron quartzites are made up principally of the two minerals magnetite and quartz, The magnetite forms 
bands of ore to a thickness of 0,3 to 1.3 mm in the quartzite, The quantity of injurious additions in the ore fs 
very small (phosporus 0,06%, sulfur 0.05%), 


The plant is located 10 km from Krivol Rog, to the south-west of the Krivof Rog Metallurgical Plant, with 
a tramway conncction to the town, The plant comprises the quarry, concentration and agglomerate plants and 
a range of workshops, 


The planned capacity of the plant is 5,25 million tons of agglomerate annually, 


The Krivef Reg Southern Ore Concentration Plant was planned by the Yuzhgiprorud and Mekhanobr® 
Institutes, incorporating all the latest achievements of Soviet and foreign science and engineering aad the most 
advanced mining technology, 


9 million tons of iron quartzite are delivered to the enrichment plant from the quarry every year. The 
quarry {s cquipped with power excavators an¢ cable-tool drilling machines; transport at the quamy fs electrified, 


The oro is delivered to the factory from the quarry in lumps up to 1200 mm by electric trains in 60 toa 
dumping wagons and discharged Into a power cone crusher with a capacity of 2000 tons of ore per hour, The 
primary ore {s first crushed to 250 mr in three stages in the cone crushers before concentration, On account of 
the fine dissemination of the ore material, the ore is weated in two stages, grinding to 0,5 and 0,1 mm in ball 
mills, The ore is divided into concentrate and tailings on magnetic belt separators, 


The total concentrate output with 60% fron content is 52% with 84,4% fron extraction. After dehydration 
in vacuum filter drums,the concentrate is taken off to the agglomerate factory for sintering. The tailings from 
the concentration plant are transported and dumped, 


The power agglomerate factory has ten machines (two buildings of five agglomerate conveyors) each with 
a sintering area of 75 m*. Fine Krivoi Rog rich ore (10-0 mm) and Limestone are added to the chaige for intens- 
ifying the sintering process and fluxing the agglomerate, The agglomerate factory provides blast-furnace flux- 
ing agglomerate with a 55% iron content which is despatched to the Southern Metallurgical Plants, 


Large comfortable living quarters for the quarrymen and process workers are constructed alongside the 
plant, 


* Mékhanobr =Scientific Research Institute for Mechanical Concentration of Minerais—Publisher’s note, 
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Main ore-concentration block, 


Primary agglomerate mixing block, 


On the basis of exper.ence gained in the operation of the Krivol Rog Southern Ore Concentration Plant 
it is intended to build several mnore such plants in the Krivoi Rog field, 
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ROLLING MILL AND TUBE PRODUCTION 


EXPERIENCE ON COMMISSIONING THE 2800 PLATE MILL 


D. I. Timofeyeyv 


(Foreman, Voroshilov Na 2 Sheet Mills) 


The giant 2800 sheet mill started operation at the Voroshilov plant in November, 195, 


The mill can handle sheets of a thickness from 4 to 50 inm, width 1500 to 2600 mm and length up to 
20 m from various grades of steel, The mill output should reach up to 1,100,000 tons annually, : 


The first stage of the mill takes the form of a continuous run consisting of four parallel lines arranged 
in three bays and interconnected by pullover transfers (sce diagram), 


The run consists successively of the feeding machines, heating furnaces, vertical stand, and two-high re- 
versing stand with all the auxiliary equipment and hydraulic press equipment, 2nd a four-high universal reverse 
ing stand with all its equipment, After the stands there are the roll-bed coolers, straightening machine for thin 
sheets,roll-stand coolers and machine for correcting thick sheets, 


Then follow the tilter and twin inspection roll bed with roller transfer, marking-off machine, the first 
cross-cut shears with 600 t pressure, and tilting table, scrap rejector, conveyor for transporting the scrap and scrap 
sheart, 


The scrap {s taken off to the scrap shears by conveyor by means of a duplex efector and after shearing is 
cjected Into the trough by the simplex ejector, 


After the first shears the metal can be passed along one of three lines; 


1) to the left to the stacker, 
2) °to the right to the thin sheet shears, or 
3) to the right to the plate shears, and then to the srachers, 


The second stage of the mill thermal section) is not yet constructed, It will occupy three bays represent- 
ing a continuation of the existing bays of the factory building, 


The mill {s automatically operated, having in addition to a large number of clectric motors on different 
systems and powers, special hydraulic and pneumatic drives, For example, one four-high universal stand alone 
with manipulators and other auxiliaries carries seven electric motors and twenty-five hydraulic drives operating 
at a pressure of 80 and 200 atm, 


In installing this type of mill {t is obvious that serious difficulties had to be overcome, the more so since 
entire units and separate mechanisms had to be designed in planning the mill, 


During the operation stage a number of changes in the design were gradually introduced and new mache 
ines were added not envisaged in the plan, The rolling technology was considerably modified, 


One serious shortcoming of the plan was that all of the working rolls were manufactured from grade 60 
XH forged steel, Conversion to ordinary iron rolls used on sheet mills without large-scale conversion of the 
stands themselves was impossible since the rolls did not possess the necessary strength, 
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Plant Layout for the 2800 mill: 
1) Feed * *t2 with rammer; 2) furnace push-bars: 3) reheating furnaces; 4) fumace dampers; 


9) suraightcning machine; 10) tilter; 11) marking-out machine; 12) drop-down cross cutting shears; . 
17) transfce car; 18) scrap shears; 19) drop-down cold shears with goose necks, 


The plant management decided first to work on oductag the timc expended in changing the rolls, After 
¥ ne improvements and modifications in the design of the machine fittings, the roll-changing time was reduced 
trom 3-4 hours to 20-30 minutes, The rolls are now changed more frequently~cach shift. However, cven after 
Uiese {inprovements, on account of the special nature of treatment of the soft steel rolls, a number of sections ' 
could be rolled for only a resuicted period. Important orders were not met and there was a high reject level, 
la addition, the expenditure in rolls increascd to such an extent that the roll tumcrs could not keep up the roll 

stock and, toward the middle of the ycar, nearly the whole of the roll stock Intended for the year was expended, ° 
Therefore, simultancously with cominissfoning the mill, a start was made at the plant for setting up an aii 

for applying a hard alloy to the roll surface, 


The life of the roll was extended to four times, although the technology of fusing-on the alloy still ree 
quires considerable improvement. 


The plan for the mill envisaged that the shects would come off perfectly uniformly and without surface 
defects, In practice, however, the shects are reduced at the ends, This would not be ey important if 
the mill were adapted for transporting such shcets along the whole of the pass, 


In addition, the project did not envisage treatment of the metal in the run, The coolers and delivery 
frames along which the shects slowly pass were not adapted for this, 


All the tables, starting with thore approaching the furnaces, were designed without inter-roll plates, 
Hence, the slabs fell downwards on the charging aud receiving beds before and after the fumaces, On the beds 
after the mill and on both shear lines the sheets with reduced ends struck the rollers, tearing them from the 
foundation and fractu:iig the bed plates, The thin sheets, even in the case of perfectly uniform sheets, bent 
under their own weiyit, jammed and halted the whole run, frequently even passing under the bed, 


Portable cimezy grinders were set up on the frames for cleaning the sheets, and the construction for the 
plate decks was changed, The installation of inter-roll slabs through the whole — of the runhas been completed, 
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5) vertical stands ; 6) cold two-high stands; 7) universal four-high stands; 8) throttling installation; 
13) disc sheats; 14) drop-down axial shears; 15) slicet stacker; 16) continuous normalizing furnace; 


The project also envisaged production of shects with a rolled-edge. For this purpose a stand was sct up wita 
vertical rolls on a universal stand, Howsver, despite a large numbcr of experfinents the rolled edge was not ob- 
tained, since compression in the vertical rolls gives rise to local thickening at the edges which flattcns out again 
after passing through the horizontal rolls of the following stand, restoring the criginal shape, 


One serious disadvantage was the small areca of the shect stacking bay and, most iinportant of all, the poor 
mancuvcrability of the crancs in this bay, Asa result, imincdiate arranging and handling of the finished product 
could not be achicved,thusholding back the productivity of the mill, 


Individual shears, intended for shearing the shects with deviations from the standard dimensions were badly 
located, at the opposite end from where the finished product arrived, 


At the present time it is = to utilize only one sheet stacker, and stacking of the finished product is 
tghtly confined, 


The project did not provide for incchanical take-off of samples for mechanical testing, which fs very ia 
convenicnt. The question of stamping and marking the sheets was not considcred before the cnd of the project 
stage, Up to the present time more than fifty workers have teen employed on this section (not considering sep- 
arating and stamping the samples), These operations are now mechanized and automatized, A rotating marking 
machine and automatic stampers have been Installed at the mill, 


The factory collective has developed a fairly stable roil profile for the finishing stand, wing it possible to 
roll different profiles under conditions of extremely limited metal reserve, The mill now cmploys back-uprolls with 
concave profile and working rolls with altemating profile from cylindrical to concave with bending deficction of 0,3 mm, 


An the supply lines of the mill have now becn completely reconstructcd(steam Lines, air lincs and lubrication 
system), having proved completely Inadequate for wintez operation as constructed according to the project. Con- 
sidcrable changes were introduced into the cenual, heavy and light oil lubrication units aud also the hydraulic sysvems, 


The fittings of the working stands were completely reconstructed including the driving beams and the hy- 
draulic shock absorbers on the two-high stand, and the drives of the universal stand; the design of the bed rollers 
of the vertical stand was modified; the design of the bed rollers of the two-high stand was improved. The control 
system of the drive mechanisms was modified considerably; at the main control points, at the cutter disc control 
desks and several others, The construction of the stacking arrangements from the drop-down shears Nos, 2 and 3 
was completely changed, Before reconstniction, the mill suffered considerable hold-ups since the scrap was re 
moved manually, The design of the scrap-clearing machincry on the drop-down shears No, 1 was improved, 
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The factory collective, with the assistance of the laboratory workers, developed and put to work a new 
type of insulation(ceramic block lagging) for the {ced pipes of the soaking pits, 


In connection with a shortage in coke-oven gas the soaking pits had to be heated with oil according to the 
project, The oil consumption was 150 t per day on average. At the same time there was an excess of blaste 
furnace gas, which was frequently burnt at the blow-off pipes of the blast-furnaces. A system of combined off and 
blast-furnace gas firing has been developed with success, This has reduced the ofl consumption by 35-40% 


As a result of work carricd out for improving the designs'of the factory driving gear in the course of 7-8 
months of operation the projected output was covered in a compatable grading and a start was made on fulfilling 
the plan, Since similar mills will be constructed at other factories in the U.S.S.R., planning organisations should 
study all the modifications cartied out on the mill insta"ed at the Voroshilov plant and take them into account 
in future projects, 
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THERMAL INSULATION OF SKID PIPES IN HOLDING FURNACES, 


Vv. V. Trofimov 


(Engineer, Azovstal OTK Plant) 


Modern holding furnaces fitted with skid tubes have definite advantages over furnaces in which the slabs 
and billets are moved along the hearth or the hearth beams, 


Advantages of furnaces with skid tubes are low superheating, obviating the necessity for turning the 
billcts; intense heating, reducing the time during which the billets are kept in the fumace; more uniform 
heating of the billets across the section; and:saving ‘in fuel, 


Operating experience, however, shows that present furnace designs with ‘skid tubes must be considerably 
improved in order to obviate the very large thermal losses, 


The thermal! !esses can be reduced according to a proposal by the chief of the holding furnace section of 
tic rail mill of our factory, F. V. Shilov, by fireclay blocks surrounding the surface of the skid tubes thus forming 
a thermal insulation, Circular skid tubes (with open surface) of 114 mm diameter and 13.5 mm wall thickness 
were replaced by tubcs with a square cross section 142 x 142 mm and diameter of opening 65mm, These 
tubes were very satisfactory. The square shape of the tubes provided a sufficiently reliable fixing for the insule 
ating blocks, 

The tubes were manufactured from manganese steel, with 0.30-0.35%C and 1,2-1.4% Mn content, 


After asccmbling the blocks the uppez section of the tubes was covered with a layer of fireclay paste, 
At the same tline, the upper section of the transverse tubes, forming the supporting surface for the longitudinal 
tubes, was completely covered with fireclay, On the longitudinal mbes only the ribs at the top angle, serving 
as the skid surfaces for the billets as they are pushed forward, remained uncovered, 


Use was made for the Lg iory of thermal insulation of fireclay blocks having the following chemical 
composition: 61.76% SiO, ; 34,18%A1,033 2.61% Fe,033 0.73% CaO; 0.4% MgO. The blocks (Fig, 1) are 
supported tightly one against the other along the entire length of the skid tubes and are clamped to the mbes by 
metal bars passing through holes in the blocks, The upper ends of the bars are bent outward and are shaped to 
the surface of the tubes, 7 

The firectzy blocks have good mechanical charactuhstiets unit weight 1.88 g/ cm’; after- -shrinkage 
0.21%; porosity 25.8%; and ultimate strength 238 kg/cm*, The fire resistance {s 1670-1698" ; temperature 
deformation, under a load of 2 kg/ cm®, commences at 1370". 


Disadvantages of the thermal insulating blocks are the difficulty of fixing to the suspension bars and the 
necessity for additional insulation at the top (open) section of the tubes, 


Despite this, the thermal insulation of the skid tubes provided positive results, 

The holding furnaces at the "Azovstal® rail mill operate on a gas mixture (70% blast-furnace gas and 30% 
coke-oven gas), The saan calorific valuc of the mixture {s approximately 2000 cal, The gas consumption was 
previously 30-31 million m? per month, Since introducing the thermal Insulation on two fumaces (of the three 
operating) the gas consumption was rcduced by 5,5 million m® per month, 
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Fig. 1. Fireclay blocks for the thermal {insulation of skid tubes 
by the suspension method: 
a) for the longitudinal tube; b) for the transverse tube, 
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Fig. 2, Fireclay blocks for the thermal Insulation of skid tubes 
by the suspension method 3 

2) for the longitudinal tube; b) for the transverse tubes 
1)body of the biock; 2)key; 3)skid tube, 


Fig, 3, Key for joining two halves of the insulating block for the 
tongitudinal skid tubes, 


The reduction in the gas consumption represented a saving for the plant in July 1956 of 120,000 rubles 
and in August, when the thermal insulation was fitted to the second furnace, 198,000 rubles, 


The time for heating billets from the cold bay was reduced by 20-25 minutes as compared with the preve 
fous program (depending on the profile and cross section of the billets), This is the more important since oa 
these mills the cold bay holds 65-67% of all the rolled billets,and this reduction in the heating time provided @ 
considerable increase in the productivity of the furnaces and rendered thelr operation with the mill smoother, © 
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The quality of heating was also considerably finproved, Before applying the thermal Insulation the lower 
planes of the billets were not heated through so well as the upper, The, temperature difference between the 
lower and the upper surfaces was 70-80°, giving rise to disuniform extension under compression in the mill and 
injuriously affecting the quality of the rolled sections, 


This temperature drep was explamed by the heat transfer from the lower plane of the billets by the un- 
insulated tubes, The difference in heating through was so considerable that it could not be obviated by maine 
taining the billets according to program in the soaking zone of the furnace, In individual cases the temperature _ 
of the lowcr plane of the billet taken out of the furnace was 100° lower than the top. On application of the thermal 
insulation,the temperature was equalized throughout .he whole cross section of the billet. The bottom face was 

heated only 10-15 more than the bottom, 


The uninsulated tubes did not usually last for more than 7-7,5 months, after which they had to be re- 
placed by new tubcs, The thermal insulation increases the life of the skid tubes by 2,5 years and more, thus 
considerably reducing the amount of difficult repalr work, 


Strict supervision of the heat technology {s necessary, One serious infraction of the technology comprises 
melting of the slabs {n the heating, In furnaces fitted with thermal insulation melting is particularly intolerable, 
since the liquid slag falling on to the fireclay blocks disintegrates the surface and may result {n untimely stop 
page of the furnace for repair, 


The plant collective fs now working on modifying the shape of the fireclay blocks and substituting the 
metal suspension bars by interlocks made of fireclay, 


In this way the blocks can be quickly and easily suspended from above, At the same time the surfaces 
of the skid tubes are completely covered by the body of the fircclay block (Fig. 2 and 3), As in the case of the _ 
first variant, the ribs of the top angles In the transverse tubes remain uncovered, Additional making-up with 
fircclay paste {s obviated by this means, Preliminary tests of the blocks, as proposed, carried out on prepared 
models have indicated a high quality of assembly, 


These methods may be varied for the purpose of further simplification In construction and greater ree 
liability of fixing of the blocks, The principle of the proposed system of thermal {insulation of skid tubes can 
be applicd at other factories, With this system cf thermal insulation,the quality of the heat {fs improved, the 
ticrmal losses are reduced,and the productivity and economy of operation of the holding furnaces are improved, 
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HOLLOWS ON WELDED TUBES 


U. A. Mednikov 


(Chelyabinsk Tube Mill Manager) 


Hollows are the most frequently encountered defects on welded tubes, They occur both on the weld line 
and away from it, 


Away from the joint the hollows may be formed through mechanical damage of the surface of the shaped 
picce In the first (shaping), second (welding) or subscquent reducing pass through picces of slag or scale sticking 
to the rolls, In this case the hollows on the tubcs have the appearance of spherical depressions or imprints (Fig, 
1), If the surface damage on the piece has occurred tuough contact of the heated suip with projecting parts of 
the furnace, skid tubes or other details, the hollows have a drawn-out shape (Fig. 2) All the surface defects of 
the strip occurring in the course of manufacture naturally remain on the surface of the tubes, It is uve that 
hollows occur much less frequently away from the joint than along the Ine of the Joint, 


If the edges of the strips do not coincide in the forming overlaps, twists, indentations and fissures occur 
on the welded tubes, These have the gencral name "joint hollows,® ; 


The occurrence ofhollows along the joint depends not enly on mechanical surface damage of the edges of 
the shaped piece and tube, but also on the welding temperature, spatial stressed state ofthe metal during shaping 
and rolling and the quality of the strip, Hollows along the strip Joint (Fig. 3) may occur during passing through 
the rolls with adhering protuberances of slag or scale, In this case the edges of the stip, hcated to a temperature 
near to the melting point,are readily deformed and do not coincide when forming the ultimate butt Joint. 


With an excessively high welding temperature the edges weld before the welding rod Is applied, The 
fused dropicts of slag and metal leave the surface of the strip, are driven off by the force of the compressed aig 
Jet onto the melted edges, tuming them under (Fig, 4). If the temperature Is too low the edges are not suff- 
icfently plastic and are deformed and turn inside the tube on making the butt joint under appreciable pressure, 


Fig, 1, Spherical hollow away trom the Joint 
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Fig. 2. Elongated hollow away from the joint 


Fig. 3. Bending under the Fig. 4, Hollows through dropicts of fused 
edges through scale on the rolls metal, 


In the case of disuniform heating of the two edges the colder edge wil) bend fn to a greater extent than 


the hotter edge on forming the butt joint, Different heating of the edges frequently occurs as a result of disunifonn 
hlowing before the first pass, 


One cause of holiows fs also excess pressure in the welding gauge, The higher pressure {s associated with 


excessive compression as a result of. employing wider strips than provided for by the gauge, or incorrect drilling 
of the roll gauge, 


In shaping tubcs from wide strips (more than 150-160 mm) a combined nozzle is employed, consisting of 
a guide knife and nozzle tube, The guide nozzle {s introduced between the edges of the sheet in front of the 


point of butting of the edges, Without this the edges of large strips overlap in shaping, However, with incorrect 
setting of this nozzle, fissures and hollows occur, 


Hollows are also formed with displacement of the edges of the shaped strip {n the vertical plane, This 
occurs particularly frequently on account of the presence of a gap (air space) in the shaft bearings, on which the 
shaping rolls are mounted, Hollows are frequently caused on tubes through poor-quality suip metal, The hollow 
locations ate contaminated with nonmetallic oxides and sulfides and gas inclusions, ; ; 


Hollows occur on welded tubes as a result of the particular conditions of shaping of the strip Into the tube 
tn the continuously rotating rolls, The occurrence of a large number of hollows in the shaping of the tubcs fs 


frequently associated with the presence of tensile stresses at the er, of the strips as a result of stratification of 
the metal, 


sititigtion carried out at the factory have shown that in order to avoid the formation of hollows it is 


necessary to apply careful supervision of the edges of the strip, discarding strips with i displaying mechanical 
damage, obvious signs of stratification and other defects, 


{ 
Damage to the edges of the strips must be avoided in the stage weieieath thefr entry {nto the shaping 
gauges, Special attention should be paid to cleanliness'and to the cooling of the first two shaping ané weld 


ing 
gauges, and in the supervision of the operation of the blower equipment, together with the temperature regime, - | 
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THE CHOCK PACKING FOR THE 300 ROLLING MILL 


On the modem continuous rolling mills at the Makeyevka, Chelyabinsk and other plants the packing of 
the bottom chocks of the vertical rolls has a number of design shortcomings, 


The rubber packing rings above and below the block are arranged {n a slinilar manner (see diagram a) 
Hence, in delivering grease under pressure to the chocks at the bearings, the majority reaches the bottom packing. 
In the upper section of the roll through the semicircular groove with a large gap where the pressure Mange fs set 
up, water and scale enter, quickly wearing away the packing, and dropping through the chock onto the bearings, 
petting them out of action, The bearing ts sometimes Jammed on account of the scale, giving rise to breakage of 
vie roll and of the bearing details, ; 


Eight bearings were put out of action {n a month on the B vertical stand roughing mill bay, 


Chock packing designs 

A) Before modifying; 8) After modifying; 

1) Roll; 2) Neck of the roll; 3) Chock; 4). Bearings 
5) Semicirculas groove; 6) Compression flange; 

1) Top rubber packing rings; 8) Bottom rubber pack- 
ing rings; 9) Groove at right angles, 


The design of the packing has now been modified somewhat (see diagram, b), The rubber packing rings 
have been set in a differcnt way. A groove has been made in the rolls at right angles, and the ring compression 
flange fits tightly into the groove, Asa result the grease docs not pass Gownward but tends to go under the top 
packing (since these are set up in the path of the grease), fills the gaps in the groove with the flange and prevents 
water and scale entering the bearings, 


With this packing arrangeincnt the bearings have opersted for four months without changing, 
B, L Lavrov (Chelyabinsk Metallurgical Section Mil - 
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PLATING AND GALVANIZING 


THE PREPARATION OF THE PROTECTIVE ‘ADDITION FOR SHEET PICKLING 


A. V. Kireeva, I. M. Kulikova, K. G. Plotnikova, and Candidate of 


Technical Sciences N. S. Smiroyv 


(Seversk Metallurgical Plant) 


In order to obtain a clean sheet surface it fs necessary to carefully nee the protective —_ before 
introducing it into the pickling bath, 


In sheet mills the addition fs usually prepared by the method of sulfuration, that is to say preliminary 
mixing with three times the quantulty of concenwated sulfuric acid, so that the addition is more uniformly dis¢ 
tributed in the pickling bath, Investigations have shown, however, that the coagulated ballast components of the 
' addition, settling on the sheet surface, are one cause of bare spots in hot tinning. In order to remove the ballast 
components of the addition, it was proposed that additional treatment should be applied to the addition in the 
form of settling and filtering after dilution. However, this did not completely obviate the precipitation of the 
ballast components of the addition on the sheet surface, 
The black sheet addition—a product of ofl distillation— consists ofanumber of organic substances, On 
treating the addition with sulfuric acid partial carbonization of the components occurs, The resinous ballast 
components are removed from the svlfurated component in the process of settlement and filtration and the fine 
carbonized particles pass through the top filter, contaminate the pickling bath anq settling out on the sheet 
surface, fofm point contaminations, Ata later stage (during tinning, galvanizing or other forms of treatment) 
they destroy the continuity of the coating, 
In order to improve the sheet surface In pickling,an investigation was made of cifecination of the black 
sheet addition Instead of sul furation, 
To one part of the black sheet addition three parts of hydrochloric acid were added (specific weight 1.17). 
After careful mixing, the temperature of the chlorinated addition was 40°, while with sulfuration the temperature — 
was usually 125-150. 
; Further treatment of the addition was carried out in the following way. After standing for a day,the scum — 
formed on the surface of the chlorinated addition was removed, The addition was then diluted with a hydrochloric . 
acid solution having a concentration of 150-160 g/l in the ratio 1: 5. After careful mixing and standing for 8 
day the scum again forming on the surface of the diluted addition was removed and the addition was filtered 
through a cloth filter, 
In contrast to the very solid high-dispersion precipitate obtained on Tt the sulfurated addition, 
a flocculent readily filtering precipitate was formed on the filter, 


— 


The activity (protective quality) of the chlorinated and sulfurated additions was as follows, in 9x: 


Chlorinated Sulfurated 
addition addition. 


One hour after preparation ' 79,1 66,7 
After dilution 81.5 65.9 
After filtration 78.3 68.1 


These figures show that the activity of the chlorinated addition is considerably higher than the sul furated, 


After pickling the sheet was annealed and sorted, The sorting ir.dicated that the use of chlorinated 
addition had a very favorable effect on the surface quality of the pickled metal, Thus, the amount of sheet 
affected by black spots comprised 9.5% while on metal pickled with sulfurated addition it amounted to 24.2% 


After complete sorting, the metal was subjected to polishing, repeat ("white®) annealling and agaia 
sorted, 


The data Indicated that the quantity of sheet affected by contamination ("grease® and “black spots®), 
was much less when using chlorinated addition than when using sulfurated, Sheet suitable for tinning was pickled 
tn a mixture of sulfuric and hydrochloric acid with an addition of sulfurated black metal addition and then tinned, 
Results of the grading of tinned sheet also indicated that much less contamination occurred on the sheet pickled 
with the afd of chlorinated addition than on metal pickled with sulfurated addition, 
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NEW TECHNIQUES AND RATIONALIZATION 


For Discussion 


MECHANIZATION OF THE LOOSENING-UP OF FROZEN ORE 


oezayaev 


(Section-Leader of the Department of Constructional Machinery TsNils, Mintransstrof), 
and 
U. A. Noskov 


(Scientific Collaborator of the Railway Operations Department TsNIZ MPS), 


Metallurgical plants in winter experience scrious difficulties connected with discharging frozen ore, which 
's usually discharged manually from low wagons, Only on some large metallurgical plants {s the ore discharged 
by means of wagon tpplers, The frozen ore in the low wagon must first be thawed or broken up, 


In order to thaw the ore the wagon are run into a special heating shed, Heating the ore in the heating 
shed has a number of disadvantages,such as the very low efficiency of the heating shed as a heating device (11%, 


part of the rolling stock (particularly the braking system) perish ete, 


Breaking up the frozen ore by blasting is also not very effective in view of the limited extent of the work 
possible damage to the rolling stock and high labor requirements for drilling the charges, Attempts to use vibr- 
ators for breaking up solidly frozen ore were also unsuccessful, 


The All-Union Rail Transport Scientific Research Institute (TsNm MPS) and the All-Union Transport 
Construction Scientific Research Institute (TNIS) of the Mintransstrof have developed a mechanical niethod for 
breaking up frozen ore by means of vibration impact wedges (Fig. 1). The vibration impact wedge cunsists of 
a vibration hammer and sharpened steel rod, rigidly interconnected, 


The vibration hammer providing vibration and periodic impact shocks to the rod consists of a bottom 
plate 1, a top plate 2 and suspension frame 3, The bottom plate of the vibration hammer takes the form of 8 
steel construction with two brackets providing hinged connection of the suspens{on and four bolts for rigid cone 
nection with therod wedge, ,There are also guide bolts 4 on the bottom plate for the springs 5 and two pairs of 
guide rollers 6, The hinges 7 connect the suspension wid: the brackets of the bottom plate, 


The top plate of the vibration hammer takes the form of a shaped casting with two parallel horizontal 
cylinders onto -vhich the stators of the three-phase synchronous electric motors are pressed, At the end of the 
rotor shaft of each of the electric motorya pulley 8 is fixed with an eccentric load & 


The dynamic action of the vibration hammer on the rod {s produced by the fact thatthe rotors of the elec: 
tric motors with eccentrically loaded pulleys rotating in different directions set up an alternating vertical cent- 
rifugal (agitating) force, causing oscillation of the top plate of the vibration hammer, which thus strikes on the 


bottom plate, 
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The rod is worked into the frozen ore and bicaks off picces from the main mass, The Intensity of dis- 
integration of the ore depends on wie power of the electric motors of the vibiaticn hainmer, the welght of the 
impact mass, the centrifugal force, the total strength of the springs, and also the operating sequence of the 
vibration hammer, In addition, the dimensions and weight of the rod are important. In order to determine the 
influence of the shape and dimensions of the rod together with the sharpening angle, _ types of equipment were 
tested (Fig, 2), the characteristics being se. out in the table, 


Tool (Fig. 2) 


Point angle, | Maximum cross Length mm | Total weight | Material 
degrees section, ( with bearing 


plate), kg 


Rod diameter, mm: 


170 (a) 15 227 1100 140 | se 8 

90 (b) 15 64 950 60 St. 3 
H section wedge (c)} 18 53 1000 65 St. 3 
Three tegged (d) 55 


The tests indicated that the most intense break-up of the frozen load {s obtained with a rod of diameter 
170 mm, 


For the purpose of testing the efficacy of breaking up frozen ore and clay soil by means of the vibration 
impact wedge and also for clarifying the optimum working regime of the vibration hammer, the authors carried 
out a numbcr of experiments, For driving the wedge into the frozen massa type TsNIIS-7 vibration hammer was 
employed having two built-in clectric motors type AB -52-4,each with a power of T7kw. The mafia dimensions 
of the vibration hammer were 1150 X 1080 x 800 mm, The vibration hammer welghed 800 kg, 


A special guide frame was employed for assuring a stable vertical position of the vibration wedge when 
driving, 


By way of example, in carrying out one of the experiments an fron-ore sample 0,45x 0,45X 0,30 m with 
9-120 mm fractions and moisture 9% frozen at a temperature from-20 to-3S° for twelve days was broken up with 


the vibration wedge in ten seconds, In the plane of the fracture approximately twenty fracture locations of 
large pleces of ore were observed, 


At the stock yard of one of the metallurgical plants, driving the wedgs to a depth 650-750 mm Into 
frozen chrome ore at a distance 400 mm from the edge of the dump slope pesinee’ fracture of picces with 
dimensions en average 0,40x 0,85x0 55 m, that Is to say with a volume of 0,187 m®, The time taken for ons 
driving was forty seconds, the specific energy consumption being 0,78 kwh/ if or 0,31 kwh/'t, 


It was established as a result of these tests that frozen dumps of ore, flux,and so on, could be effectively 
broken up by means of the vibration impact wedge, 


For the practical application of the new method of breaking up frozen dumps,a special unit is necessary 
in the form of a portal, the inner contour of which is limited by the size of the rolling stock 2-B, and the outer 
profile by the proximity of structures along the run 2-C, The unit should travel along the loading-off bay on 
special rails set on the ends of the railway sleepers (Fig, 3), When idle the moving frame should be talsed to the 
top position so that it will not interfere with the rolling-stock clearance, 


The frozen load {s broken up in the following way. The unit is brought up to the end low wagon and put 
into working position: the moving frame 2 is dropped so that the vibration impact wedges make contact with 
the surface of the frozen load, The protective vibration shields 8 are positioned so as to form continuation of the 
open hatches of the low waggons, The vibration wedge and vibration hammer drives are then switched in 


& 
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Fig. 2. Tools for breaking-up the frozen lead. 


the wedges are driven into the mass of the frozen load, Subsequent double driving of the wedges, moving them 
along the wagon 200-256 mm breaks up part of the frozen load, which falls out through the hatch, forming an 
opening along the entire width of the open wagon, After this, the frozen load {s broken up by consecutive 
iracturing of individual picces from the main mass. Simultaneous driving into the frozen load of three wedyes 
provides pieces which can fall through the hatch openings and slide down the slopes out of the range of the 
wagon, 


On the basis of these experiments it can be assumed that for breaking ug frozcn ore in one low wagea 
thirty cycles of wedge driving will be necessary, This work will take, in all, thirty minutes approximately, iu 


cluding the time for moving the unit along the loading-off bay. A 50 kw supply point is necessary for operating 
the unit, A fitter and two assistants can service the unit, 


Economic indices of the new method for breaking up frozen ore tn off loading from the low wagon are 
difficult to determine accurately, Calculations carried out indicate, however, that the energy consumption for 
breaking up 1.t of frozen ore with the aid of the unit is only "/sg th of that for heating 1¢ of ore in the heat 
Ing shed, For equal productivity of the heating shed and vibration impact unit the capital expenditure for sexting 
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Fig. 1. Diagram of the vibration impact wedge. i 
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Fig. 3, Unit for breaking up frozcn loads in low Wagons, 


1) Rigid frames; 2) connecting travelling frame; 3) vibration impact wedges; 4) wheels; 5) and 6) hydraue 
lic cylinders with mechanism for vertical movement of the frame 2; 1) mechanism for driving the unit along the 
loading-off bay; 8) protective vibration shields, kecping the track clear of the discharged load; 9) vibration 


impact wedge guides; 10) vertical travel mechanism of the vibration impact wedges; 11) c2bin with control 
desk, 
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up the units and die operating costs for maintaining them will be much lower than the equivalent expenditure 
on heating sheds, 


The cost of manufacturing the first experimental model unit was in the order of 100,000 rubles, With 
mass production the cost of the unit would drop approximately to 50,000 rubles, 


The use of vibration impact units would mechanize the work of breaking up frozen dumps in loading -off 
from the low wagons and reduce the idling periods of rolling stock on the metallurgical plant roadways, 
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CHARGING MACHINE FOR FEEDING MATERIALS ONTO THE HEARTH 


F. F. Sviridenko and D. K. Kharlamoyv 


("Azovstal® Plant) 


In 19484 charging machine was constructed at the*Azovst-l‘piant, operating on the principle of spraying 
the charge materials with compressed alt, 


Compressed air (5-6 atm) was delivered by means of a rubber huse to the air reservoir of the inachine, 
made up from an oxygen bottle, A Laval nozzle was fitted at the head of the bottle, having an outict diameter 
wf 18 nim and tube diameter 100-120 mm, 3 m long, with an orifice to which the delivery funnel was attached, 
A bunker was set up above the funnel containing the charging material and fitted with a valve, In order to avoid 
Mocking of the charging materials between the nozzle and the delivery funnel, injector tubcs were attached along 
te sides of the bottle, The whole installation was mounted on a movable stand, Starting and stopping of the 
inachine, togeticr with regulation of the quantity of airdelivered were carried out by means of a special valve, 


On testing out the machine it was found that the charging material was not always carricd over to the rear 
wall and was frequently blocked in the tube, This was partly explained by a drop in the compressed alr pressure 
(‘elow 4 atm) and the employinent of dolomite of too coarse a grading. 


Section through A-A 


Fig. 1. Diagram of the pneumatic charging machine: 
1) tube; 2) compressed air fecd; 3) plugs; 4) Laval nozzles 5) mbes 
6) machined cones; 7) exhaust tubes 8) slow for alr passages 9) funnels 
10) tmunnion, 
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Fiz. 2. General view cf ctarsins machine, 


Repeat tests on the machine in 1955 showed that the machine in the pr. posed form, even with a higher 


cssure and using a standard grade dolomite, continucd periodically to block up, The injector tubes did not 
ercome blocking of the material, 


Improvements were introduced Into the initial machine design, normality permitting utilization of the 


achine for incchanized charging of open-hearth furnaces and the delivery of filling materials onto the hearth 
ring overhaul, 


The pneumatic charging machine in the modified form is illustrated in Figs.1 and 2, The machine fs 
bnstructed from 200 mim diamcter tube, to which compressed air is delivercd by means of a rubber hose, - 

ugs are fitted in the ends of the tube, one which carrics a Laval nozzle with an outlet dlameter of 19 mm and 
o tubes with diameters 180 and 108 mm, Between these two small tubes the plug carries a number of slits for 


lowing the passage of air. Machined cones are fitted at the free cnd of the two thes. The outer Jacket finishes 
an exhaust tude with inner diameter 108 mm, 


A delivery funnel fs fitted into large tube, trunnions by means of which the structure fs fixed 
the support, 


In this form the machine fs widely employed on the"AzovstaMopen-hearth plant, Regulation of the ma- 
ine isnot difficult, the machine can be readily moved and provides a regular Nlow of charging materials, The 


achine is particularly sultable for overhauling the hearth, It provides a uniform thickness of charged layers 
d sets up a high density, 


The average time taken for hearth overhauls in 1956 carricd out with the aid of the compressed alr char 
ng machine wss reduced by nearly five hours as comparedy 1955, 
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REDUCING THE CROP ENDS ON ROLLED SLABS 


Candidate of Technical Sciences B. I, Panich 


(Ukraine Institute of Mctals), 


In rolling killed steel slabs on the blooming-mill the fish-tail crop end comprises 2-4% of the length 
of the rolled slab, The quantity of fish-tail crop end is mainly determined by the depth of drawing on the bottom 
face of the roll, and the depth of drawing depends on the shape of the secteur section of the slab, £, e. on the 
configuration of the bottom of the moulds, 


At present, in order to reduce the draft of killed — slabs, the bottom of ihe moulds is given a spheroidal 
form, However, cven this forin of slab bottom -section (Fig, 1, a) des not rcduce drawing to such an extent as to 
reduce the tail crop end to 1,0-1.5% 


A sphicrical form of mould bottom has been tested at the *Azovstal® plant for the casting of rail steel. 
Langitudinal sections of the fish-tail crop ends taken from slabs cast both in the usual way and into moulds with 
the modified bottom shape, indicated that with spherical bottom section shape of the slabs (Fig, 1, b) the drawing 
("fish tail®) is reduced on average to half. The fish tail was completely abscnt on soine slabs, While in the 
transverse template cut at a distance of 1.5% of the length of the slab with usual bottom scction shape of the slab, 
drawing traces were clearly visible (Fig. 2, a), in the transverse templet cut at only 1.0% of the distance from 
the bottom face of the slab with spherical bottom shape, drawing traces were not observed (Fig, 2, b). 


Fig. 1. Appearance of ees of the bottom section of killed 
steel sfabs: 
a) usual spheroidal tii b) spherical form, 


The introduction of moulds with spherical bottom shape at the *Azovstal® plant made it possible to reduce 
the fish-tail ciop end to 1,0% of the length of the slab and to reduce the metal consumption coefficient in 


rolling rafls, 
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of rolled slabs: 
4) ordinary slab (drawing traces clearly visible) 
>) spherical form (drawing traces absent) 


Macrolnvestigations on rails obtained from the bottom section of the slab showed a considerable redaction 
in the degree of damage to the surface of the test slabs from bifsters beneath the crust, This fs explained by the 
more rapid filling of the base of the moulds and the lesser possibility of welding of the metal spray with initial 
impact of the jet in the case of the moulds with spherical bottom shape (with top teeming), 


| 
Fig. 2, Transverse templet cut from the lower face 
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_ SCHOOLS OF ADVANCED EXPERIENCE 


STEEL TEEMING LADLES AND THEIR OPERATION 


Engincers L. A. Volkov and N. V. Zaversyukhsa 


(Magnitogorsk Integrated Metallurgical Plant) 


In order to raise the productivity of existing open-hearth fumaces imetallurgical plants are led to ree 
construct the ladles for the purpose of increasing thelr capacity, 


The weight of the metal construction of 200 t steel teeming ladles at present In operation {s approximately 
45t and can be appreciably: reduced, making individual units and details of the ladle simpler, more reliable 
and lighter, employing higher-grade metal and by changing over to welded construction, At the Zaporozhstal 
plant a 200 t ladle was designed the metal section of which was approximately 15 t lighter than the standard 
type ladle, The operation of this steel teeming ladle provides an increase in the steel production on existing . 
open-hearth furnaces without re designing the pouring cranes, 


The Inter-Works School for steel pouring, on visiting a number of sateen plants recommended the 
stecl teeming ladle manufacturing plants to improve and lighten the metal section, to turn out complete ladles 
fitted with heat protecting shields for protecting the bottoms from excessive heating curing steel pouring, with 
improved tilting fittings, stopper gear and pouring ips. The School recommended that other plants should take 
up the new solid stopper gear (Fig, 1) built ty the Magnitogorsk metallurgicai works, together with the new tilt- 
ing gear cutting out participation of the workers in checking the ladle by means of the light holst on the pour 
ing crane, 


The tilting mechanism operates on the follow!ng principle, ‘The 45 t holst on the pouring crane seizes 
the avle of the tilting gear. As the hook cises,the tilting gear automatically disengages from the hook attached 
to the lacle casing, and the ladle tilts, As the ladle drops — the — position to the vertical, the —_— 


gcar automatically engages the hook. > 


In order to lighten the labor of the teemers and bricklayers and to improve removal of the slag from the 
ladies in pouring the smelt,the ladles at the Magnitogorsk metallurgical works are fitted with lengthened pouring 
lips as compared with the standard type, hy which means it is possible to run off the slag directly to the slag 
bowls, This obviates the inconvenience attached to maintaining and overhauling of gutters and the bricklayer 
repairing the gutters had to carry out the work either at the lp of the ladle (standing under the gutter), or on 8 
ladder set up against the gutter, The School recognized that this method of carrying-off the slag represents an 
improveinent obviating the disadvantages of the old method still existing at a number of metallurgical plants, 
The extended lips are fettled and dried on emergency stands under Setter and safer conditidns, 


The arrangement of the pouring lips differs at different plants, Some ptants have ladles fitted with 
pouring lips both to the right and to the left, This allows the slag to be led off on pouring the smelt along 8 
double trough on both sides into two slag bowis, At other plants, including the Magnitogorsk metallurgical 
works, the ladle pouring lips are arranged only on the. right-hand side of the ladle, On pouring the melt on the 
double trough the slag is led off into the slag bowl through the pouring Mp ofthe right-hand ladle, standing under 
the extended section of the branched tough, A minimum quantity of slag is allowed into the ladle standing at 
the center fumace, 
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In order to facititate handling of the ladles, with pouring Ups directed toward different sides, a number’ 


of plants have developed a ladle design with two pouring Ups, on tlie right-hand and left-nand sides. In this case, 
however, it is necessary to extend the slag railway track into the bay. 


Preparation of the ladle after pouring the metal {s carried out by two different methods depending on 
the construction of the Mning for the shell (ilning brick or rammed Lining) The treatment sequence of the 
ladles adopted at the Magnitogorsk works and adjudged by the Intcr-Works School as the most efficacious has 


a number of advantages both with regard to the working conditions of the ladles and the teemers, and on the time 
expended for the preparation, 


This {s as follows, On complction of pouring from the ladle the Hquid slag residues are poured off into 
the nearest slag bowl, The ladle {s set up in a horizontal position on a special scaffolding, erected on the the 
casting bay floor (Fig. 2), The ladicts cooled here for 2-3 hours by means of aportable fan (without the fan 
the ladle {s cooled in 5-6 hours in the horizontal position and 6-8 hours in the vertical position on the stand), 
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Fig. 1. View of rigid stopper mechanism, set up on 8 
ladle, 


After cooling the Ining,the edge, walls and pouring lip of theladle are cleaned of encristed slag, The 
slag cleaned off {s collected in the ladle, The fixing nuts of the stopper mechanism are then unscrewed using 

a special key. In order to obviate untimely release of the stopper gear and endangering the ladle, special cables 
are fitted on the stopper gear before unscrewing the nuts, The washers are Jooseneé with a crowbar from the 
supports on the forks of the stopper gears and the stoppers fall free onto the opposite part of the ladle, wall, The 


stop-tods are now cleaned of the old stopper sleeves, withdrawn from the ladle by the 15 t hoist of the sire 
crane and laid up on a special scaffolding, 


Around the outside of the bottom a special table fs set up from which the old shell {s removed by means 
of a pneumatic tam sad the brick fs cleaned, The lining brick §s well maintained and for a long 


time. At the Magnitogorsk metallurgical works the life of the lining brick extends wad more om five heats, and 
at the" plant eightheats, and so on, 


eve 


Metallic scum weighing up to 2,5 formed on the 
bottom of the ladle is removed by means of a special 
winch set up near the ladle, A 34 mm diameter steel 
cable is employed for hooking the scum, The winch is 
fitted with a 12 kw eleculc motor, The steel scum drawn 
out of the ladle is collected by means of the hauling 
crane onto a special platform, The use of a winch frees 
the pouring crane from the work connected with removing 
the scum from the ladle, the ladle treatment {s consid- 
erably speeded up and the clectricity consumption Is re- 
reduced, Work on the ladle {s rendered safer, 


Fig. 2, Diagram of ladle position after 
pouring the melt: 

1) portable fan; 2) electric winch; 
3) special table. 


After finishing all the work of cleaning the ladle all the dirt is tipped out into a dirt box or slag bowl 
and the ladle Is set up on the auxiliary stand. The bottom of the ladle is here repaired, the lining bricks and shell 
are xt up, the lining {s dricd, the stoppers are fitted, the pouring Hp is set right and the ladle is cleaned and 
ilown with compressed air, Part of the work connected with workers being in the ladle {s carried out with the 
aid of a special caisson chamber, set up in the ladle by means of the pouring crane, 


The ladles set up on the auxiliary stands are adjacent to the working space of the fumace, The stands 
have ladders for mounting the pouring lip of the-ladle from the furnace working area, fitted with upper and 
lower coke -oven gas burners, The upper bumers are used for drying the ladle lining and the lower for drying the 
s:ell and brickwork, The brickwork is dried with a hood, so that the jet of the flame {s directed at the setting 
location of the shell, The auxiliary stands are well lighted, particularly at night-time, Low voltage portable 
lamps are uscd for working inside the ladle, 


At some plants the number of saniblaey stands fitted with bumers is limited and the stands are sp-clalized, 
On one stand the ladles are repaired, on another they are dried,and on a third the stoppers are fitted, With this 
type of work organization,the pouring cranes are — to a gréater extent in transferring the ladle from one 
stand to another, 


On comparing the expenditure of crane time in the treatment of one ladle, advantages can be seen In the. 
method employed on the Magnitogorsk metallurgical works, At the NTMZ‘open-hearth plant, having five open- 
hearth jurnaces, the pouring cranes were occupied on the preparation of one ladle for 75 minutes, while on the 
No. 1 Magnitogorsk metallurgical plant, having a miscellany of fumaces, the cranes were occupied in all for 

35 minutes, 


At those plants where the shell was set up in a cial lining, another sequence of ladle preparation for 
the smelt is practiced, All the preparation work {s carried out in the ladle standing in the vertical position, The 
ladle, freed from liquid slag residues, is set up by the crane on a shaft by means of which the old shells are re- 
moved, and the ladle {s then set up on the reserve stand, The edge and walls of the ladle are here cleaned of 
ashering stag, the old stoppers are removed and the pouring lip of the ladle {fs cleaned, The dirt fs tilted from 
the ladle and a caisson chamber {s dropped into the ladle, by means of which ( either manually or with a 
pneumatic tool) the lining is rammed snd a new shell is set up. By this type of preparation of the stecl teeming 
ladles the workers operate on the edge of the ladle in an unsatisfactory and unstable position at a high temperature, 


At some plants, in particular at the KMK,° *the lining forthe shell {s rammed by means of a pneumatic 
tocl, which provides better quality ramming, The hole in the rammed lining {s cut out by means of a special 
knife, This lightens the work of the ladle workers, In contrast to other plants, at the KMK the mass for rame 
' ming the lining {s prepared mechanically, The mass contains different grain _ and the lining does not, 
therefore, show shrinkage in drying, 


On setting up the shells in the rammed lining , the Podgorny device must be employed ; 0n using lining 
brick it is sufficient to correctly set the lining brick itself and the shell itself is set up without the tool, 


‘The School recommended all plants to work out charts of inspection and running repairs on ladles, to 
Carry out a systematic technical documentation expressing the service of the ladles and,pot less than three times 
during the year, to carefully examine the condition of the trunnions, bottoms and the side ring bands of all the 
ladles and to paint the outer surface with Kuzbas vamish instead of lime, Particular attention should be paid” 
to greasing the tunnions and shafts of the tilting gear (or both hooks of the pouring cranes), 


NTMZ=Novo-Tashkert Metallurgical Plant-Publishers note, 
°° KMK=Kuznctsk Metallurgical Combing-Publishers note, 


The School considers it necessary Ao undertake standardization of the stopper gear arrangement on stcel 
teeming ladles in such a way that the handls of the stopper mechanism comes off from the “cold” side of the 
tecining arrangement. Ia tis case the teemer is near the cinpty mould, thus considerably facilitating his work 
during teeming, The stopper mechanism handle should be fittcd to a screwed shaft (according to the Magnitos 
gorsk metallurgical plant method) and made rotating, allowing the teemer to approach the ladle from any side, 
For fixing the handle it Is beticr to employ slotted fingers and to fix them to the mechanism by means of chains 
the locking nuts are fixed in the same way. This all facilitates the work of the tecmers and expedites preparation 


for metal pouring. 
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FIVE LOCOMOTIVES INSTEAD OF SIX 


N. Podlesnova 


(Transport Manager) 
and 


A. Brener 


(Work Organization Engineer, Novo-Tagil Metallurgical Plant) 


The slag from the Novo -Tagil blast fumace fs angers in three directions: to the grinding plant, to 
the cement factory and to the slag dump, 


There Js a double track between the points, with automatic ‘ineliita discharge of the slag to the 
uscrs and to the dump fs mechanized, 


However, despite this, interruptions occurred on this stretch as a result of which the number of locomotives 
employed rose to six, 


For ui: purpose of improving the work organization and establishing satisfactory operation of the section, 
a dz.1icv study was made of all the work locations, and photographic timing was carried out on the operation 
of all the locomotives, The following shortcomings were detected as a result of the observation: 


1, The system of payment of the locomotive crews was Incorrectly drawn up, since the whole of the 
production of a shift was divided equally between the personnel of the six locomotives, and not according to the 
quantity of ladles carried by cach locomotive, 


2, The teams knewnefther the standard time for delivering the slag, nor the time established for the run 
from the furnace to the point of slag delivery. | 


3, "The absence of direct communication between the location of the cement factory station attendant 
and ‘the cement factory resulted in discrepancies in the work of the attendant at the station,and the checker, 


4, Poor lighting at night rendered the work of the team difficult, 
5, The weight standard at the Shlakov-Vyazovka section was low, 


6. Asa result of the fact that the station attendants incorrectly distributed the slag,the ladles were fre 
quently transported from place to place, 


In the course of the examination, berter levels of work were displayed by the checkers Zhiguley, 
Tsaregorodtsev, Ryzhkoy and Mozhayev, engineer Grigoryev and assistant Kurochko, 


The checkers applying advanced methods of work, taking over the shift, lear from the engineer about 
the state of coal and water on the locomotive, are informed by the station attendant as to the work in hand, 
reecive concrete assignments for the immediate gay: and inform the whole team engineer, assistant and couples 
of the plan of handling the work, 
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The checkers Tsareyorodtsey and Ryzhkov maintain close communication with the station attcndant and 
ast dumace worker, providing, prompt information indicating to which furnace the ladics should be sent, 


Ryzhkov at the cement factory post, immediately on receiving information checks the readiness of the 
sction for delivering the slay to the user, While the slag is delivered he remains atall times near the loco- 
nodve and prompuy resets the ladies, If there is a hold-up in delivering the ladles, Zhiguiev and Ryzhkov 
mmediatcly ascertain the cause of the hold-up and receive further information from the station attendant, 


During loading of the slag,the free time fs employed for stocking up the locomotive; the checken 
ssist the locomotive crew in this, 


As a result of the cxamination carried out, measures could immediately be taken for obviating al’ the 
ork irregularities exposed, 


The system of payment was first re-examined, The payment for each locomotive-checker team was 
alculated according to the production coefficients as a function of the work Involved in carrying out the op- 
rations, 


This system immediately established a material interest, The teams started to work more productively. 
hydrant was set up at the cement factory so that the locomotive could be topped up while delivering the slag, 
was no longer necessary to spend time visiting the fitting-up bay. Telephone communication was set up be- 
ween the station attendant and the cement factory, All ie crews were made familiar with the standard times 
or discharging the ladles and for the locomotive runs, A bogey chart was sct up for delivering the slag to the 
vstination, The railway track to the grinding plant was overhauled; on some sections the necessary number of 
rake chocks were installed, The weight standard for slag delivery to. be dumpcd was increased from four to five 
ndles, 


For the purpose of disseminating the expericnce of the best checkers and engincers, schools: of advanced 
ork methods were organized, 


As a result of introducing the improved inethois of work, five locomotives instead of six now serve the 
ag side of the furnace continuously and stricUy to program, The annual saving through introducing this measure — 
ounts to 320-360 tiousand mbles, 
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REFRACTORY BRIGK-CUTTING MACHINE 


In repairing metallurgical furnaces a large amount of dressed brick {s necessary, Until 1955 the brick 
was dresscd manually at the Dzerzhinsky plant. 


In 1955 the maintenance fitters P. T. Orzul and F. A. Svistun put forward a proposal for reconstructing 
the machine erected earlicr for cutting refractory brick. They replaced the flat belt drive with a V belt, for 
the cutting tool employed an electric carborundum whecl on a bakelite disc type LT-3,K-16, STB, grade 50 
(outer diametcr 400 mm, thickness 4 mm) and changed the design of the work-bench. After these modifications 
the machine was put to work and is opcrating reliably, The machine is extremely simple in construction ge 
1 and 2) and can be sct up on any plant or construction site, 


The frame of the machine is welded from angle-iron, to which the lever mechanism and tilting cable are 
affixed, The electric motor (type AO “1° 4, 1.7 kva,, 1420 rpm) and die electric carborundum wheel are mount- 
- edon the tilting table, 


A 190 mm diameter pulley is mounted on the motor ‘sia a 165 mm diameter pulley {s mounted on the 
electric-carborundum stone shaft. The electric cartorundum wheel drops down when the foot presses the working 
pedal, while the work-table moves forward with the brick fastened to it. The brick is dressed to the necessary 
size, 
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Fig. 2, Gencral view of the refractory brick-. 


cutting machine, 
Fig. 1, Diagram of refractory brick 
dressing machine: The machine has made possible the utilization of 
1) welded frame of the machine; cut-off sections of refractory in the overhaul, The prod- 
2) lever mechanism; 3) tilting table; uctivity ofthe machine amounts to 300-350 pieces of 
4) electric motor; 5) carborundum standard magnesite brick, or 190-150 pieces of side brick, 
wheel; 6) operating pedal 7) work- One wheel on average is expended for every 150 dressed 
bench, . bricks, The cost of a wheel is 4 rubles 50 kopeks, 


The use ofthe machine for dressing brick has provided a saving on the plant of 50,000 rubles per year 
including 20,131 rubles saved by using 60% of all the off-cuts in the structure, 


N. P. Borody, Engineering Workshop Rate Setter, 
D..ershinsky TRMP Works, 
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